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ABSTRAKT

Na progresi chronickych glomerulopatii, i na odhojovani transplantované ledviny
ma vliv fada prozanétlivych cytokint, jejichz role v patogenezi poskozeni neni dosud
detailné popsana. Cilem této diSertacni prace bylo identifikovat spolehlivé markery rizika
progrese renalni dysfunkce a pfispét tak k efektivnéjsi 1éCbeé pacienta.

Analyzovany byly vzorky biopsii nativnich ledvin s histologicky potvrzenou
glomerulopatii a biopsii ledvinnych S$tépl. Intrarendlni genové exprese byly meéfeny
metodou RT-qPCR, jednonukleotidové polymorfizmy detekovany metodami zaloZenymi
na PCR-RFLP. Pro hodnoceni mononuklearniho infiltratu bylo vyuzito
imunohistochemické barveni. Na naméfenych datech byla provedena statistickd analyza.

V dob¢ diagndzy IgA nefropatie byla zjisténa korelace genovych transkripti TGF-
p1, HGF, BMP7, MCP-1 a RANTES a mononuklearniho infiltratu se snizenou rendlni
funkci a proteinurii. Ve dvouletém sledovani zavisela progrese IgAN na tizi chronické
vaskulopatie a na miie exprese genu pro TGF-B1. Pacienti po transplantaci ledviny
s dysfunkci §tépu a zvySenou intrarendlni expresi genu pro TGF-f1 a MCP-1 m¢li
zkracenou dobu ptezivani transplantované ledviny. V dobé biopsie méli pacienti
s dysfunkci Stépu upregulovany také mRNA gend pro IL-10, TGF-B1, IL-6, MCP-1,
RANTES a TNF-a. Mira tubulitidy ve $tépu korelovala S intrarendlni expresi MCP-1,
RANTES a TGF-£1. Zadny z funkéné relevantnich polymorfizmi v genech TNF-a, MCP-1,
RANTES, CCR2, CCRS5, IFN-y a TGF-f1 nezvySoval riziko subklinické rejekce, akutni
rejekce nebo nefropatie $té€pu u sledovanych pacientti po transplantaci ledviny.

Zaveérem lze konstatovat, Ze tato studie pfispiva k identifikaci novych biomarkera,
pomoci kterych lze identifikovat nemocné v riziku progrese IgA nefropatie a komplikaci
po transplantaci ledviny.

Klicova slova: IgA nefropatie, dysfunkce §tépu, genova exprese, genovy polymorfizmus.



ABSTRACT

The progression of chronic glomerulopathy and graft rejection is affected by a
number of proinflammatory cytokines, whose role in the pathogenesis of damage is poorly
understood. The aim of this dissertation was to identify reliable risk markers of renal
dysfunction progression and thereby contribute to a more effective patient treatment.

Human native kidney biopsies with histologically confirmed diagnosis of
glomerulopathy or kidney graft biopsies were analysed. Intrarenal gene expressions were
measured by RT-gPCR. Single nucleotide polymorphisms were detected by methods
based on PCR-RFLP. Immunohistochemical staining was used to identify and quantify the
mononuclear cell infiltration.

Gene expression of TGF-B1, HGF, BMP7, MCP-1, RANTES and mononuclear cell
infiltration were associated with poor renal function and proteinuria at the time of IgA
nephropathy diagnosis. Progression of IgA nephropathy during the 2-year follow-up was
shown to be dependent on the degree of chronic vasculopathy and TGF-B1 expression in
the kidney. Patients with graft dysfunction and enhanced intrarenal expression of TGF-3 1,
MCP-1 had significantly shorter graft survival. Higher mRNA expression of IL-10, TGF-$3
1, IL-6, MCP-1, RANTES and TNF-o. was observed in patients with graft dysfunction
presented at the time of biopsy. Correlation between the degree of allograft tubulitis and
MCP-1, RANTES and TGF-B1 gene expression was found. None of the examined
functionally relevant gene polymorphisms increased the risk of subclinical rejection, acute
rejection or allograft nephropathy in selected patients.

In conclusion, this study helps to find new biomarkers of IgA nephropathy
progression and complications after kidney transplantation and thereby identify patients
with increased risk.

Key words: IgA nephropathy, graft dysfunction, gene expression, gene

polymorphism
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Z 1ékatské praxe je znamo, ze onemocnénim ledvin trpi pfiblizné 10% populace.
Jde &asto o zavazna onemocnéni, ktera mohou vést k nezvratnému selhani ledvin. V Ceské
republice zije t. ¢. 10 000 nemocnych trpicich nezvratnym selhanim ledvin. Z nich zije
4 000 s funkéni transplantovanou ledvinou, zbytek je lécen dialyza¢nimi metodami [1].
Transplantace ledviny piedstavuje metodu volby 1é¢by nezvratného selhani ledvin, protoze
je spojena s delsim prezitim nemocnych a s lepsi kvalitou jejich Zivota.

Nejcastéjsi primarni glomerulopatii, kterd vede k selhani ledvin az u 20% pacientt,
je IgA nefropatie (Mb. Berger, IgAN). Predstavuje nejcastéjsi diagnozu v bioptickych
registrech také v Ceské republice [2]. Mechanizmy, které vedou k progresi IgAN do
selhani nejsou dosud detailné popsany. Podobné¢ mechanizmy progrese dysfunkce
transplantované ledviny do selhani jsou pfedmétem intenzivniho vyzkumu. Ukazuje se, Ze
jak na progresi chronickych glomerulopatii véetné IgAN, tak na odhojovani ledvinného
Stépu ma vliv fada molekuldrnich mechanizm, které nejsou dosud presné identifikovany a
jejichz role v patogenezi poSkozeni nejsou detailné popsany. Vyzkum téchto mechanizmi
byl i cilem této disertacni prace.

Nalezeni prognostickych markert, které ovliviiuji patogenezi a progresi IgAN ¢i
potransplanténich komplikaci by mohlo pomoci identifikovat rizikové pacienty,
individualizovat jejich 1é¢bu nebo monitorovat Géinnost terapie. Takto pojaty vyzkum je v
souladu s v soucasnosti stale vice diskutovanym novym piistupem k onemocnéni pacienta,
tzv. ,,P4 medicinou” (personalizovanou, prediktivni, preventivni, participacni), ktera
pretvaii podstatu 1écby od reaktivni k preventivni. Takovy piistup by pfinesl v¢asnou
detekci onemocnéni, umozZnil by vybér optimalni terapie pro kazdého pacienta a snizeni
neptiznivych G€inki terapie diky v€asnému efektivnéjSimu hodnoceni individualni reakce

na lécbu. Zaroven usiluje o zdokonaleni vybéru novych biochemickych cili pro vyzkum



1é¢iv a v neposledni fadé ma za nasledek zkraceni Casu a sniZeni finan¢nich nakladd na

1é¢bu diky tomu, ze klade diraz predevsim na prevenci onemocnéni.

IgA nefropatie (Mb. Berger, IgAN)

IgAN probiha velmi c¢asto bez klinickych pfiznakii a onemocnéni je tudiz
rozpoznano az ve fazi selhani ledvin. Za nezavislé rizikové faktory progrese onemocnéni
jsou podobné jako u jinych glomerulopatii povazovany hlavné hypertenze a proteinurie.
Jednim z moznych vysvétleni mechanizmu rendlniho postizeni proteinurii je fakt, ze
filtrovany protein je zpétné reabsorbovan v buiikach proximalniho tubulu a déle je v téchto
bunkach degradovan lysosomalnim aparatem. Z experimentalnich poznatkl je zndmo, ze
zvySeni koncentrace albuminu, IgG nebo transferinu vede v tubularnich buinkach ke
zvySeni syntézy endotelinu-1 a zpisobi aktivaci transkripéniho faktoru NF-kB v bunécném
jadre [3]. Nuklearni faktor kappa B (NF-kB) je transkripéni faktor ktery zvySuje expresi
prozanétlivych chemokinii a cytokind. ZvySeni koncentrace nékterych cytokint
Vintersticiu m& pak za nasledek indukci proliferace fibroblasti a zvySeni produkce
komponent extracelularni matrix, tedy fibrotizaci. Z literatury jsou zndma data ukazujici,
Ze proteinurie, hypertenze a snizeni glomerularni filtrace v dobé biopsie jsou vyznamnymi
rizikovymi faktory progrese onemocnéni [4-7], zatimco sniZeni proteinurie béhem 1é¢by je
dilezitym faktorem zpomalujicim progresi [8]. Je znamo, Ze u pacientti s IJAN dochazi
k odchylkam v tvorbé protilatek IgA v diasledku ¢&ehoz je v séru, v cirkulujicich
imunokomplexech a v glomerulech ptitomno velké mnozstvi polymerniho IgAl. Snizené
odstranovani IgA1l a imunokomplexti obsahujicich IgA1 z cirkulace v disledku poruchy
glykosilace nebo naruseni fagocytdzy usnadiuje jejich ukladani v mezangiu glomerula [9].

Problémem u tohoto onemocnéni je velice obtizné usuzovani na imunologickou
aktivitu onemocnéni, nebot postizeni mitize pretrvavat az desitky let bez klinické

manifestace. Histologicky nalez i klinické hodnoty jsou markery vétSinou jiz nevratného



renalniho poskozeni a neodrazi aktivitu onemocnéni, jejiz znalost by mohla pomoci vcas
predikovat vyvoj choroby.

V nékterych pracich je pritomnost renalni dysfunkce, proteinurie a hypertenze
v Case provedeni diagndzy v pfimém kontextu s intersticialni fibr6zou a asociuje s progresi
onemocnéni [10]. Nicméné ptesnost téchto klinickych markerG neni dostate¢na pro
spolehlivou predikci rizika progrese IgAN a vytypovani rizikovych pacientl, ktefi
pottebuji upravu léCebné terapie. V posledni dobé se ukazuje, ze expresni analyza
kandidatnich genti hrajicich roli v patogenezi onemocnéni by mohla byt vhodna pro
sledovani imunitni aktivity IgAN a tak pfispét k individualizaci 1écby.

Vybér vhodnych kandidatnich genti se opira vétSinou o vysledky ziskané na
experimentalnich modelech. V ptipadé¢ IgAN je intersticialni fibréza a tubuldrni atrofie
pfimym nasledkem renalniho poskozeni. Na experimentalnich modelech fibrogeneze byla
popsana intersticialni infiltrace mononukledrnimi buiikami a zvySena transkripce nékterych
cytokinovych a chemokinovych genti, proto jsme se na studium téchto bunék a molekul
zamé&fili. Mezi kandidatni geny studované v souvislosti s progresi IgAN patii napiiklad
geny pro transformujici ristovy faktor beta-1 (TGF-B1), hepatocytarni ristovy faktor
(HGF), kostni morfogenni protein 7 (BMP7), chemokinovy ligand 2, zndmy jako MCP-1
(monocyte chemotactic protein 1) nebo chemokinovy ligand 5, znamy jako RANTES
(regulated upon activation normal T-cell expressed and secreted).
povazovan za klicovou komponentu v kaskadé fibrogeneze [11-12]. Pfitomnost HGF
v renalni tkani mize také indukovat zvySené ukladani matrix, pfestoze jiné vysledky
naznacuji mozné antifibrotické G¢inky tohoto faktoru. Zda se, ze vysledny efekt ptisobeni
HGF na obrat extracelularni matrix je ovlivnén proliferacnim stavem, ve kterém se
nachazeji cilové renalni bunky [13]. Naopak BMP7, ktery hraje dilezitou roli ve vyvoji
ledvin, se vyznacuje mnoha antifibrogennimi vlastnostmi [14]. Také bylo prokazano, Ze
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zvySena pritomnost nékterych pro-zanétlivych a profibrogennich gent, jakymi jsou
napiiklad gen pro MCP-1 nebo RANTES, mize byt pouzita jako marker progresivniho
renalniho onemocnéni u ¢lovéka [15]. VSechny tyto fakty jsme se pokusili ovéfit na nasi
kohorté¢ peclivé vybranych pacientl nejmodernéj$imi metodami molekularni biologie.
V posledni dobé je také zvazovano vyuziti sledovani infiltrace ledviny zanétlivymi
bunkami jako markeru progrese chronického rendlniho poskozeni, zahrnujiciho IgA
nefropatii. V nékterych studiich bylo dokazano, ze infiltrace CD3 pozitivnich bunék (T
lymfocyttr) silné koreluje s intersticialni fibrozou a progresi IgAN [16]. Snahou této prace
byl proto také vyzkum bunééného infiltratu a klinickych ¢i histologickych markerd

hrajicich roli pfi vzniku IgA nefropatie a jeji kratodobé progresi.

Progrese dysfunkce transplantované ledviny

Zatimco v pocatcich klinickych transplantaci byly hlavnimi problémy zvladnuti
akutni rejekce a infekci, v poslednich 15 letech se do poptedi pozornosti klinikt i védct
dostala problematika udrzeni dlouhodobé funkce $tépu [17].

Morfologické zmény Vv transplantované ledviné popisuje Banffska klasifikace [18].
V roce 2005 doslo ke zméné diagnostiky chronickych zmén ve $tépu [19-20], kdy byl
z klasifikace eliminovan neptesny vyraz CAN (chronic allograft nephropathy, ¢esky byl
pouzivan nazev chronicka transplanta¢ni nefropatie). V naSich pracich publikovanych do
faktory pro rozvoj chronického procesu jsou i nadale povazovany akutni rejekce a tzv.
subklinicka rejekce, kdy rejekéni zmény pietrvavaji ve Stépu zdanlivé bez klinické
manifestace. Hlavnim divodem chronické dysfunkce transplantované ledviny je ale
chronicka rejekce. Ta byva Casto zplisobena protilatkami, ale miize byt také mediovdna T
lymfocyty. Kromé rejekénich mechanizmii se na progresi dysfunkce transplantované

ledviny podili také alloantigen-nezavislé rizikové faktory, jako snizena kvalita darovaného



organu, ischemicko-reperfuzni poskozeni, infekce, toxicita inhibitort kalcineurinu
(cyklosporinu A nebo takrolimu) nebo hypertenze [18, 21-23].

Diagnostika jednotlivych imunopatogennich stavii po transplantaci ledviny se opira
v soucasné dob¢ hlavné o histologicky nalez ve tkani $t€pu. Jde 0 invazivni metodu
vySetfeni, které ma téméf vyhradné¢ popisny charakter a poskytuje pouze minimum
informaci o imunologické aktivité, ke které ve §t€pu dochazi a ktera, jak se v posledni dobé
ukazuje, muze mit velice individualni charakter. Sledovani imunitnich dé&t
Vv transplantované ledviné na genové urovni mize byt uzite¢né pii hledani novych zpisobu
predikce individualni prognozy. Stejné jako u onemocnéni nativnich ledvin i zde muze
odhaleni molekularnich markerti (cytokiny, chemokiny, rastové faktory) rizika vzniku

Tyto cytokiny, chemokiny a rustové faktory jsou produkovany infiltrujicimi
bunkami, které byvaji velice Casto nalézany v poskozeném S§tépu [24-27]. Bylo zjisténo, ze
sledovani gent kodujici tyto molekuly a jejich receptory mize hrat dulezitou roli
v monitoraci procesu rejekce [25, 28-29]. Ackoli patogeneze rejekce je komplexni proces,
existuje mnoho kandidatnich gend, jejichz zvySend ¢i snizena aktivita pravdépodobné
ovliviuje individudlni rozvoj postizeni. U experimentalnich modelt hrali roli v patogenezi
rejekce Stépu naptiklad tumor nekrotizujici faktor -alfa (TNF-a)), TGF-B1, interferon gama
(INF-y), chemokiny RANTES (CCL5), MCP-1 (CCL2) a jejich receptory CCR5 a CCR2.

Studie akutni rejekce a chronické transplantacni nefropatie na zvitecich modelech
ukazaly zvySenou intrarenalni expresi TGF-£1 [30], TNF-a, IFN-y, RANTES a MCP-1 [31]
ve Stépu Srejekci ve srovnani se zdravymi jedinci bez rejekcnich priznakd. Na modelu
rendlni intersticidlni fibrozy u mysi mély Ccr2 a CcrS knockout zvifata redukovany vznik
fibrézy srovnatelny s neosetienymi jedinci [32-33]. Navic, zvySena exprese TGF-B1 u krys
vedla k expanzi mezangia, akumulaci proteinti glomerularni matrix a k intersticialni

fibroze vedouci k progresivni glomeruloskleréze [34]. Jednim z cila této prace bylo ovéfit
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roli nékterych gend spojenych se zanétem a fibrogenezi v progresi dysfunkce
transplantované ledviny.

Ackoliv je tedy b&zné piijimano, Ze nékterymi cytokiny zprostiedkovany zanét
zpusobuje rozvoj bunééného poskozeni, intersticidlni fibrozu a tubularni atrofii
s nasledkem dysfunkce S$tépu, uz neni zndmo, zda genetickd variabilita cytokinti miize
pfedur¢it moznou nachylnost organizmu k rejekci rendlniho Stépu. Neddvno byly
identifikovany genové polymorfizmy v promotorové oblasti TNF-o, MCP-1, RANTES a
v prekladané oblasti CCR2, CCR5, IFN-y a TGF-f1. In-vitro studie ukazaly, ze nékteré
Z nich ovliviuji bud’ expresi pfislusného genu, nebo funkci vzniklého proteinu. TNF-« -
308G/A a promotorovy polymorfizmus -2518A/G v genu MCP-1 ovliviuji produkci TNF-
a [35] a MCP-1 monocyty [36]. RANTES je podobné jako MCP-1 imunoregulac¢ni
chemokin ovliviiujici infiltraci tkané lymfocyty a makrofagy a haplotyp [-403A,; -109C; -
28G] v promotoru RANTES zvysuje transkripci tohoto genu [37]. Polymorfizmus CCR2
+190G/A korespondujici se zdménou Val64lle ve druhém exonu genu zvySuje transkripci
CCR2 [38], zatimco delece 32 paru bazi v kodujici oblasti CCR5 zpusobuje posun ¢teciho
ramce a piedCasnou terminaci translace v kodonu 185 [39]. IFN-y je produkovan
aktivovanymi T-lymfocyty a NK bunkami. Aktivuje mononuklearni fagocyty a stimuluje
bunky k expresi MHC II. i I. tfidy. Polymorfizmus IFN-y+874A/T je lokalizovan ve
vazebném misté transkripéniho faktoru NF-xB a zplsobuje signifikantni zvySeni
transkripce INF-y [40]. Dva polymorfizmy +869T/c a +915G/C v kodujici oblasti TGF-41
korespondujici se zaménou aminokyselin LeulOPro a Arg25Pro brani produkci TGF-B1
lymfocyty [41].

Vztah polymorfizmi k nachylnosti pacientd k rejekénim epizodam, piipadné CAN,
je sledovan v mnoha studiich. Vysledky praci jsou vSak nejednozna¢né a Casto piinasi
protichtidné vysledky, coz dobie odrazi rozhodnuti Banffské klasifikace termin CAN, ktery

neni specifickou nemoci, odstranit [19]. Nekteré prace popisuji signifikantni asociaci
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polymorfizmt k rejekci §tépu [42-48]. Takové vysledky by mohly vést k identifikaci
piijemct ledviny, kteti maji vrozenou predispozici k rejekci Sté€pu, a na zakladé této
znalosti by bylo mozné ptizptisobit imunosupresivni 1é¢bu.

Ptistup ke statistickému hodnoceni alelickych asociacnich studii se v poslednich
letech hodn¢ zménil a také zptisnil [49-51]. Ve svétle téchto faktd se ukdzalo, ze mnoho
studii designovanych ,starym* zplsobem, vykazuje casto falesné pozitivni vysledky.
Hlavnim problémem je nizky pocet jedinct zafazenych do analyzy, ktery vede ke snizeni
potiebné statistické sily testu. Jednim zcili tohoto projektu proto bylo zjistit vliv
polymorfizmu vybranych gend na osud transplantované ledviny na zaklad¢ studia
dostatecné velkého, dobfe charakterizovaného a reprezentativniho souboru nemocnych po

transplantaci ledviny.
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KOMENTAR K VYSLEDKUM A DISKUZE

|. Prvnim cilem predkladané dizertacni pdace bylo hodnotit prognostickou roli vybranych
molekuldarnich fenotypii, infiltrace mononuklearnich bunek do postizené ledviny a

klinickych a histologickych nalezii u pacientii s IgA nefropatii (prilohy 1 a2)

IgAN je postizeni charakteristické extrémné variabilnim klinickym pribéhem, ktery
témét znemoziuje predpoved’ dalsiho vyvoje onemocnéni. Progrese IgAN u pacientd se
stejnym puvodnim morfologickym nélezem v ledviné a podobnou klinickou manifestaci
onemocnéni se V dlouhodobém sledovani liSi, coz naznacuje moznou heterogenitu
onemocnéni na molekularni arovni.

V predkladané praci jsme chtéli dokazat, ze mira exprese vybranych gent, které
hraji roli v regulaci fibrozy a pritomnost n€kterych imunitnich bunék v rendlni tkédni mize
byt asociovana s progresi IgA nefropatie. V dob¢ diagnozy IgAN jsme detekovali korelaci
jak mezi pfitomnosti vybranych genovych transkripti tak i pfitomnosti zanétlivého
infiltratu se znamymi rizikovymi faktory progrese onemocnéni jakymi jsou sniZzena renalni
funkce nebo proteinurie. Nicméné ve dvouletém sledovani, vedle klinickych parametri,
zavisela progrese IgAN jen na zdvazZnosti chronické vaskulopatie a na sile exprese genu
pro TGF-B1.

Chronicka vaskulopatie jako dusledek hypertenze a starnuti zpiisobuje renalni
ischemii. Nasledkem renalni ischémie dochazi k angiotensin II zavislému zvyseni exprese
TGF-B1, které bylo identifikovano jako kritické pro rozvoj renalni fibrogeneze [52]. TGF-
P, Casto spojovany s regulaci bunécné proliferace, hypertrofii, apoptoézou a fibrogenezi je
také centrdlnim stimulem dé&t vedoucich k chronickému progresivnimu rendlnimu
onemocnéni. Tento ristovy faktor dale jako hlavni regulator ovliviluje mnoha cestami
produkci a degradaci extracelularni matrix (kolagen, fibronektin, proteoglykany), zvySuje

expresi integrint a snizuje aktivitu protedz degradujicich matrix [53]. Navic byla
12



v neddvné dob€ prokazana prediktivni schopnost také dalSich mRNA a proteint
signaliza¢ni kaskady TGF-B1 na vyvoj a progresi CKD (chronic kidney desease) jak u
mysi, tak u ¢loveéka [54]. Tato pozorovani se shoduji s vysledky piedkladané prace
podobn¢ jako studie Katafuschi et al [55], kde byla sledovana role vaskularnich
onemocnéni pii progresi IgAN u 71 pacientt. Ukézalo se, ze pfitomnost cévnatych oblasti
je stejn¢ diulezitym prediktorem glomerularni sklerozy a progrese IgAN jako hypertenze.

Dalsi charakteristikou hodnocenou v souvislosti se zavaznosti renalniho poskozeni
a progresivniho renalniho selhani je intersticialni zanét. V predkladané praci jsme
prokazali, Ze intersticialni infiltrace T a B lymfocyty spolu s makrofagy koreluje v dobé
biopsie se zvySenou expresi genti pro chemokiny, které atrahuji lymfocyty a monocyty do
mista poskozeni. Tyto bunky tedy prokazateln¢ hraji aktivni roli ve fibrogenezi [53]. Pii
dlouhodobém sledovani se ale ukézalo, Ze infiltrace makrofdgy, ne vSak lymfocyty je
prediktivni pro rozvoj a progresi IgAN. Tyto vysledky jsou v konstrastu s vysledky
retrospektivnich studii, ve kterych pfitomnost tubulointersticidlniho zanétu urcovala
prognézu IgAN [16, 56]. V téchto studiich vSak nikdy nebyly zvefejnény relevantni
informace o imunosupresivni 1écbé pacientli. V nasi studii nebyl prokazén statisticky
vyznamny rozdil v imunosupresivni 1é€bé mezi skupinou ,,progresori‘ a ,,neprogresora.

Vseobecné piijimanou znamkou progrese IgAN je také proteinurie [57] a v nasi
praci jsme prokéazali vztah mezi proteinurii a genovou expresi nékterych chemokinii a
rustového faktoru HGF.

Kromé¢ znamych rizikovych faktori progrese IgAN jakymi jsou vyssi proteinurie
nebo snizena renalni funkce se v nasi studii tedy podafilo prokazat, ze pokrocila
vaskulopatie a molekularni markery fibrogeneze jsou asociovany s kratkodobou progresi
IgAN dokonce 1épe nez znamé klinické rizikové faktory nebo infiltrace Stépu T a B
lymfocyty. Toto pozorovani tak piispiva ke zmén¢ piedstavy o vzniku a vyvoji IgAN jako
0 imunitnimi buiikami zprostifedkovaném onemocnéni, jehoz progresivni formy je
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nezbytné 1é¢it imunosupresi zalozenou na blokadé funkce T lymfocyti. Nicméné aby bylo
mozné upravovat Klinicka rozhodnuti na zékladé méteni molekularnich fenotypi dle nasich
vysledku ziskanych na limitovaném poctu pacientli, bylo by nutné je ovéfit v multi-

centrické prospektivni studii s del§im ¢asovym sledovanim po diagnostické biopsii.

Il. Druhym cilem predkladané prdace bylo hodnotit intrarendlni genové exprese vybranych
cytokinit a chemokinii u pacientii po transplantaci ledviny s diagnostikovanou

chronickou transplantacni nefropatii (podle Banffské klasifikace do roku 2005) (priloha 3)

Chronicka transplanta¢ni nefropatie podle starsi klasifikace byla detekovana ve
veétsing protokolarnich biopsii provadénych ve 12. mésici po transplantaci [58]. Podobné
jako u onemocnéni vlastnich ledvin je proteinurie povazovana za dulezity rizikovy faktor
selhani ledvinného S$tépu [59-61]. Cilem dalsi casti piedkladané prace byla detekce
intrarenalnich mRNA pro ristové faktory, cytokiny a chemokiny a jejich korelace
s klinickymi a histomorfologickymi daty po transplantaci ledviny.

Podobné jako u IgA nefropatie i v biopsiich pacientd s diagnostikovanou CAN jsme
nalezli asociaci mezi intrarenalni upregulaci exprese genu pro TGF-f1, MCP-1 a
zhorsenou dlouhodobou funkci §tépu a zkracenim pieziti transplantatu. V dobé biopsie
méli pacienti s CAN vyznamné upregulovany mRNA dalSich sledovanych gend (IL-10,
TGF-p1, IL-6, MCP-1, RANTES a TNF-¢) oproti kontrolni skupiné s normalnim nalezem.
Dale jsme zjistili, Ze intrarendlni exprese vSech sledovanych cytokini a chemokinl pfi
CAN koreluje s vysi proteinurie. Nabizi se tedy hypotéza, ze proteinurie a ultrafiltrace
rastovych faktorti zptisobuji upregulaci zanétlivych cytokind a dalSich rustovych faktord,
coz vede k intersticialni fibroze transplantované ledviny. Studium histomorfologickych dat
ukazalo ze tubulitida Stépu postizeného CAN koreluje s intrarenalni expresi chemokint
MCP-1 a RANTES. Nezjistili jsme Kkorelaci intrarendlni exprese TGF-F1 mRNA
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S intersticidlni fibrozou, glomerulopatii, tubuldrni atrofii ani fibrotickym ztlusténim intimy
cév. Vyssi exprese TGF-fl byla vSak zaznamendna ve Stépech s pfitomnosti mirné
tubulitidy (dle Banffské klasifikace 1997). Tyto skute¢nosti potvrzuji nas predpoklad, ze
pod diagnostickym pojmem CAN jsou zahrnuty $tépy s rtiznou imunologickou aktivitou.
Aktivitu onemocnéni naznacuje pfitomnost tubulitidy a zaroven zvySena exprese gentl pro
nekteré cytokiny a chemokiny. Na zakladé vyse uvedenych udaji lze doporucit peclivé
sledovani pacientt po transplantaci ledviny, ktefi maji v ledvinném $tépu zvySenou expresi
prozanétlivych gend. Také proteinurie se jevi jako vyznamny modifikujici faktor, ktery

vyzaduje terapeuticky zasah.

Il. Tretim cilem predkladané prdace bylo najit vztah mezi vybranymi genovymi

polymorfizmy cytokinii a chemokinii na osud transplantované ledviny (priloha 4)

Expresni genova analyza, ktera byla pouzita ve vySe diskutovanych pracich je
provadéna v bioptické rendlni tkani. Jde tedy o invazivni metodu, kterou nelze pouZit pro
preventivni odhad rizikovych pacientli. V poslednich letech se obrovské usili vénovalo
studiu genovych polymorfizmi a vytvafeni genotypovych profilli riznych onemocnéni.
Z dostupné literatury bylo mozné piedpokladat, ze k identifikaci jedinct predisponovanych
K vyssi expresi cytokinti nebo chemokintl a tim k vys$§imu riziku dysfunkce $t€pu by mohla
napomoci pravé analyza polymorfizmi jejich genti. Slo by o neinvazivni metodu detekce
z periferni krve pacienta odebrané v jakémkoli obdobi jeho Zzivota. V minulosti bylo
publikovano mnoho studii zabyvajicich se asociaci genovych polymorfizmi s akutni nebo
chronickou rejekci. Jejich vysledky jsou vSak nejednoznacné nebo dokonce protichtidné.

V nasi praci jsme hodnotili pouze ty cytokiny, jejichz role v patogenezi rejekce byla
potvrzena na zvifecich modelech a polymorfizmy, jejichZ vliv na expresi dan¢ho genu

nebo funkci finalniho proteinu potvrdily in-vitro studie. Nicméné na rozdil od diive
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publikovanych praci [42, 48, 62-63] jsme nedetekovali zadnou asociaci mezi vybranymi
polymorfizmy a rizikem akutni, subklinické rejekce nebo CAN. Je pro to nékolik
vysvétleni, kterd se odvoldvaji na v soucasnosti uznavana pravidla a ptfedpoklady, které ma
svétle téchto fakti se ukéazalo, Ze mnoho studii designovanych ,starym® zplsobem
vykazuje Casto falesné pozitivni vysledky.

Vybér kandidatnich gent pii designovani alelické asociacni studie by mélo
vychazet z detailniho porozuméni patofyziologickych dé&ji probihajicich v ledviné a na
zaklad¢ této znalosti by se mélo pristupovat k interpretaci vysledku. Polymorfizmy
Vv genech cytokint ucastnicich se patofyziologickych d&jia probihajicich pfi rejekcich $tépu
jsou studovany v mnoha svétovych pracich. Nicméné napiiklad ve studii Sankaran at al
[42] byli jedinci predisponovani k vysoké produkci TNF-a a IL-10 ve zvySeném riziku
mySich modeld inhibuje produkci TNF-a. Ddale je vhodné testovat nékteré funkéné
relevaltni geny spole¢né, protoze takovy pfistup zvySuje Sanci na detekci rizikového
faktoru. Nicmeén¢ je potieba si uvédomit, Ze zndsobeni po¢tu porovnavani vede k faleSné
pozitivnim vysledkiim [64] a to je nutné oSetiit pii statistickém zpracovani vhodnou
korekci na mnohocetné testovani. Takova korekce naptiklad ukdzala, ze asociace mezi
alelami TNF-« -308A, TGF-$1 +915G a IL-10 -1082G a akutni rejekci $tépu nalezena ve
studii Alakuppi at al [62] je falesné pozitivni. Do studii by méli byt zafazovani jedinci
z homogenniho souboru nemocnych co se tyc¢e naptiklad 1éCby a dalsiho oSetfeni [65].
Vliv vrozené predispozice na incidenci rejekce muize byt maskovan uzivanim rtzné
imunosuprese a vysledky mohou opét byt mylné pozitivné interpretovany [48]. Oproti
jinym pracim [63] byla spolehlivost genotypovych analyz v nasi studii peclivé testovana a
je patrné ze vysledky namétfené u kontrolni skupiny spliuji Hardy-Weinbergerovo
kritérium a frekvence genotypt jsou v souladu s referen¢ni HapMap databazi.
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DalSim, nejziejméjSim vysvétlenim rozdilu vysledkl nasi a predchozich studii je
nedostatecna statisticka sila testli pouzitych v téchto studiich. Kvalita alelické asociacni
studie je dana pfedevsim poctem vzorkl zatazenych do analyz [51], ktery by mél byt urcen
z vypoctu statistické sily jesté ve fazi designovani studie. Navic by pfedevsim studie
s malym poctem vzorkd mély zahrnovat validaci vysledkt na nezavislé kohort€ pacientt.

V nasi studii zadny z funkéné relevantnich polymorfizmti v genech TNF-a, MCP1,
RATES, CCR2, CCR5, IFN-y a TGF-f1 nezvysoval riziko subklinické rejekce, akutni
rejekce nebo CAN u sledovanych pacientli. PfestoZze neni pochyb Ze Thl a Th2 imunitni
reakce hraje roli v patogenezi rejekce $tépu, vrozené predispozice k akutni rejekci nebo
CAN u bilych pacientli nebyly zatim jednozna¢né nalezeny. Je mozné, Ze proces rejekce
Stépu je ur€ovan kombinaci mnoha genovych polymorfizmi, které alelické asociacni studie
neodhali, poptipadé mohou existovat dal$i, zatim nesledované mutace které¢ maji zasadni
vliv na vznik potransplantacnich komplikaci. Identifikace takovych polymorfizmil a studie,
které budou pln€ spliiovat Vv souasnosti uznavané standardy pro design alelickych

asocia¢nich studii miZou vést k detekci rizikovych pacientl, Gpravé 1é€by a vyznamné

vvvvvv
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ZAVER

V predklddané dizertaéni praci jsou shrnuty vysledky studii provedenych
v Transplantacni laboratofi a na Klinice nefrologie Institutu klinické a experimentalni
mediciny Vv Praze, kde jsme se zabyvali analyzou molekularné¢ — genetickych faktort
ovlivijicich progresi IgA nefropatie a dysfunkci transplantované ledviny. Snahou vsech
studii bylo nalezeni markert, které by pomohli v¢as identifikovat pacienty ve zvySeném

riziku progrese onemocnéni. Podatilo se nam prokazat ze:

1. V ptipad¢ IgA nefropatie aktivita sledovanych genti i infiltrace mononuklearnich bunék
do rendlni tkané v dobé biopsie koreluje s obecné uznavanymi klinickymi faktory
podporujicimi progresi IgA nefropatie. Dvouleté sledovani ale ukézalo, ze pokrocila
vaskulopatie, up-regulace transformujiciho ristového faktoru TGF-f1 a infiltrace tkané
makrofagy je asociovana s dvouletou progresi IgAN Iépe, nez znamé klinické rizikové
faktory jakymi jsou vys$i proteinurie, snizena renalni funkce nebo infiltrace $tépu T a B
lymfocyty. Toto pozorovani tak pfispiva ke zméné piedstavy o vzniku a vyvoji IgAN
jako o imunitnimi bunikami zprostfedkovaném onemocnéni, jehoZ progresivni formy je

nezbytné 1é¢it imunosupresi zaloZzenou na blokadé funkce T lymfocytt (prilohy 1 a 2).

2. Podobné jako u IgA nefropatie 1 V inicidlnich biopsiich pacientd po transplantaci
ledviny s diagnostikovanou CAN je asociace mezi intrarenalni upregulaci exprese genu
pro TGF-B1, ale také pro MCP-1 a zhorSenou dlouhodobou funkci §tépu a zkracenou
vV rizné mife up-regulovany cytokiny a chemokiny IL-10, TGF-41, IL-6, MCP-1,
RANTES a TNF-a. Profil intrarenalni exprese téchto genti se 1isi béhem dysfunkce

Stépu z riznych pfi¢in. Uroven jejich exprese nelze vyuzit k diagnostickym ucelim,
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muze ale upozornit na vyssi imunologickou aktivitu v ledvinném $té€pu, kterd muze vést

K rychlejsimu selhani renalni funkce (priloha 3).

3. Zédn}'/ z funk¢né relevantnich polymorfizmi v genech TNF-a, MCP-1, RANTES, CCR2,
CCR5, IFN-ya TGF-f1 nezvysuje riziko subklinické rejekce, akutni rejekce nebo CAN
u sledovanych pacientli, coz odrdzi komplexnost imunitni odpovédi proti alloantigenu.
Je pravdépodobné, Ze genetickd predispozice k rejekci $tépu je urcena mnoha genovymi
polymorfizmy, pficemz individualni alely pfispivaji k vyslednému fenotypu pouze

nevyrazné a alelickou asocia¢ni studii nelze takovyto prispévek detekovat (priloha 4).

Zavérem lze konstatovat, ze tato studie pfispiva k identifikaci novych biomarkerd,
pomoci kterych lze identifikovat nemocné v riziku progrese IgA nefropatie a komplikaci

po transplantaci ledviny.
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Summary

Proteinuria has been recently shown to be an independent risk factor for the progression of chronic nephropathies, but
the actual mechanisms by which urinary protein load damages renal tissue in humans remain unsolved. Using real-time
RT-PCR method we evaluated intrarenal mRNA expression of various cytokines and chemokines in patients with
biopsy-proven IgA nephropathy (IgAN, n=11), membranous nephropathy (MN, n=6) and focal and segmental
glomerulosclerosis (FSGS, n=6) who exhibited proteinuria over 0.5 g/day. There was a significant positive correlation
between the proteinuria extent and the intrarenal RANTES (regulated upon activation normal T cell expressed and
secreted) mRNA expression in patients with IgAN, a similar trend was also observed in patients with MN and FSGS.
There were no clear relationships between the proteinuria and intrarenal mRNA expression of tumor necrosis factor a,
transforming growth factor B1 and monocyte chemoattractant peptide-1. There were no differences in the pattern of
cytokine mRNA expression between different glomerulopathies. In conclusion, our results support the hypothesis that
lymphocytes, macrophages and their products provoke tissue injury in response to proteinuria independently of the
nature of renal diseases in man.

Key words
Chemokines e Gene expression ® Glomerulonephritis ® Proteinuria

Introduction

Chronic glomerulopathies represent an important
cause of end-stage renal diseases especially among
younger patients. Despite a poor understanding of their
pathogenesis, different morphological findings and
different treatment modalities, the disease progression
shares similarities.

many Both hypertension and

proteinuria represent the independent risk factors for the
progression of the disease (Remuzzi and Bertani 1998,
Hirschberg and Wang 2005). There is growing evidence
suggesting that proteinuria determines tubular cell injury
and activation. As a result of this injury, nuclear factor
kappa B (NF-kB) translocates to the nucleus of tubular
cells, binds to the specific DNA sequence and enhances
gene transcription and generation inflammatory cytokines
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Table 1. Clinical parameters at the time of renal biopsy.

Nephropathy IgAN FSGS MN
n (M/F) 11 (6/5) 6 (3/3) 6 (1/5)
Age (vears) 40.3 [25.2-54.3] 43.6 [26.9-62.6] 66 [35-76.4]

BMI (kg/m?)
Total cholesterol (mmol/l)
Serum creatinine (umol/l)

27.9 [20.1-40.2]
6.4 [4.6-7.6]
145 [67-617]

Serum albumin (g/l) 38.7[31.2-42.1]

GFR (ml/s) 1.0 [0.2-2.8]
Proteinuria (g/day) 2.1[0.5-6.0]
Hypertension (%) 54.5

25.0 [18.4-28.0]

24.0[17.5-33.2]

9.4[6.3-15.0] 8.0 [4.88-17.2]
85 [58-140] 111.8 [60-150]
31.5[19.3-47.1] 25414 - 33]
1.5 [0.7-3.0] 0.9 [0.5 —2.0]
5.3[2.1-13.3] 6.5 [3.5-3]
333 66.7

Data are shown as median [minimum-maximum]. GFR - Glomerular filtration rate estimated using the Cockcroft-Gault formula, IgAN —
IgA nephropathy, FSGS — focal and segmental glomerulosclerosis, MN — membranous nephropathy, BMI — body mass index.
Hypertension was defined as the presence of antihypertensive therapy or blood pressure >140/90 mm Hg before biopsy was

performed.

and chemokines (Mezzano et al. 2001) such as monocyte
chemoattractant peptide-1 (MCP-1), regulated upon
activation of normal T-cell expressed and secreted
(RANTES), and intracellular cell adhesion molecule-1
(ICAM-1) (Schlondorff 1995).
immunoregulating chemokines mediate enhanced tissue

Locally secreted
infiltration with lymphocytes and monocytes and this
process seems to influence the disease progression
(Ootaka et al. 1995, Watanabe et al. 2001, Ikezumi et al.
2004). Since most studies on this topic come from
experimental models and experience in human kidney
biopsies has not been published so far, we studied the
gene expression of proinflammatory cytokines and
chemokines in patients with primary proteinuric
glomerulopathies.

Patients and Methods

Patients

Experiments were performed on 34 patients who
were referred to our center from May 2002 to January
2004 because of proteinuria and in whom renal biopsy
proved primary chronic glomerulopathy. Eleven patients
suffered from IgAN, six patients from FSGS and six others
from MN. Eleven patients had other morphological
findings and were not included in the study. Clinical
parameters obtained from patients at the time of biopsy are
shown in Table 1. All patients gave their written informed
consent to participate in the study and the study protocol
was approved by the Ethical Committee of the Institute for
Clinical and Experimental Medicine in Prague.

Renal biopsy

All biopsies were performed using a tru-cut
needle (Uni-Cut Nadeln, Angiomed) guided by
ultrasound (Toshiba, Power Vision 6000). Most of the
renal tissue was used for routine histology. Small
portions (~2 mm) of the cortical or juxtamedulary zone of
the renal tissue were immediately frozen in liquid
nitrogen and stored at —80 °C. For the analysis, samples
with at least one glomerulus were used. Biopsies were
performed to evaluate primary diagnosis and the patients
were thus not under immunosuppressive therapy at the
time of biopsy.

RNA isolation and real-time quantitative RT-PCR

After renal tissue had been homogenized and
total RNA extracted using StrataPrep Total RNA
Microprep Kit (Stratagene, La Jolla, United States), it
was reversely transcribed into complementary DNA
(cDNA), as described elsewhere (Platzer et al. 1994).
Complementary DNA was amplified by real-time
quantitative  polymerase  chain  reaction (PCR)
(TagMan®, ABI Prism 5700 Sequence Detection System,
Perkin Elmer, Darmstadt, Germany) using fluorogenic
probes. Messenger RNA of chemokines (MCP-1,
RANTES) and cytokines — tumor necrosis factor «o
(TNF-0r) and transforming growth factor 1 (TGF-f1) —
was quantified. The HPRT housekeeping gene
(hypoxanthin-guanin-phosphoribosyl-transferase) was
used as an internal standard in the comparative threshold
ACY Al investigated mRNAs were
measured in duplicates for each sample. All primers and

cycle method (2
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Fig. 1. Correlation between the mRNA expression of cytokine and chemokine genes (normalized to HPRT, 2 method) and the

proteinuria in patients with proven IgA nephropathy (IgAN). There was a significant relationships between the intrarenal RANTES mRNA
expression and the proteinuria (a). *= p<0.05; n=10. Correlations between MCP-1, TGF-p and TNF-«. intrarenal gene expressions and

proteinuria have not reached statistical significance.

probes were designed, and assays validated at the
Institute of Medical Immunology, Universititsmedizin
Charité,
demonstrated amplification efficiencies in our system of

Berlin. Because preceding experiments
nearly 1 for all panels, specific gene expression was
calculated relative to that of the housekeeping gene
HPRT. Samples were considered negative if the Ct values

exceeded 40 cycles.

Statistical analysis

Relationship between proteinuria and mRNA
expression was assessed using Spearman correlation
coefficient calculation. P<0.05 value was accepted to be
statistically significant. For the comparison of clinical
groups the Kruskal-Wallis test was used.

Results

In general, the mean age of patients diagnosed
with MN was higher than the age of patients with other
diagnosis and patients with MN had higher prevalence of
hypertension. Both patient groups, with MN and FSGS,
had higher proteinuria and cholesterol plasma levels than
patients with IgAN because of the presence of the
nephrotic syndrome. The majority of patients had their
renal disease in the stage III-IV according K/DOQI
classification (Table 1).

In this study, we have shown in patients with
IgAN, that RANTES mRNA expression correlated
significantly (p<0.05) with proteinuria (Fig. 1). Similarly,
there were trends towards higher RANTES mRNA
expression in patients with higher proteinuria who
suffered from FSGS and MN, but they did not reach
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Fig. 2. Relationships between the RANTES mRNA intrarenal expression and the proteinuria level in kidneys with primary focal and
segmental glomerulosclerosis (FSGS) and membranous nephropathy (MN).

statistical significance because of the small numbers of
patients (Fig. 2). There was no clear relationship between
MCP-1, TGF-B1, and TNF-a mRNA
expressions and proteinuria in patients with IgAN, FSGS
and MN.

Furthermore, we did not observe significant

intrarenal

differences in the pattern of intrarenal mRNA expression
of RANTES, MCP-1, TNF-o. and TGF-B1 among
patients who suffered from IgAN, FSGS and MN

(Fig. 3).
Discussion

We demonstrated a positive correlation between
the intrarenal gene expression of the chemokine
RANTES and proteinuria levels in patients with IgAN.
Similarly, there were clear trends towards higher
RANTES expression in patients with higher proteinuria
who suffered from FSGS and MN. A large variety of
injured tubular epithelial cells (Deckers et al. 1998),
mesangial cells (Schlondorff ez al. 1997), endothelium or
stimulated fibroblasts (Rathanaswami et al. 1993) may
secrete RANTES. The chemokine RANTES is thought to
regulate interstitial  inflammation by  attracting
lymphocytes and macrophages which secrete several
profibrogenic regulators including TGF-B1, endothelin-1,
angiotensin Il and plasminogen activator inhibitor-1
(PAI-1) (Hirschberg and Wang 2005). These mediators
may act on tubular cells as well as on fibroblasts. In our
study, we have not observed any differences of cytokine
gene expression among various glomerulonephritis cases.
Therefore, there might be no specific correlation between
the measured cytokine gene expression and the type of

glomerular injury. RANTES may thus play an important

role in the progression of glomerular diseases in case of
the presence of clinically significant proteinuria.
Surprisingly, we did not observe any differences
in MCP-1 gene expression. Mezzano et al. (2004)
showed the MCP-1 protein is overexpressed within the
tubuli of 11 patients diagnosed with diabetic nephropathy
and proteinuria. Our study, however, analyzed the
intrarenal MCP-1 gene expression. In this context, it
would have been of interest to study MCP-1 also at the
protein level. Unfortunately, there is not enough material
left from the
immunohistological staining. In another study, in situ

routine kidney biopsy to perform

hybridization revealed the overexpression of MCP-1, at
both mRNA and protein levels, in 25 patients with MN
(Mezzano et al. 2000). Thus, we cannot prove these
observations in our study, despite the fact that our study
included a larger number of subjects.

There were also no differences in either TNF-a
or TGF-1 mRNA expression. TNF-a has been observed
frequently to be up-regulated during acute inflammatory
disorders and also certain experimental therapy in
nephrology uses anti-TNF monoclonal antibodies
(Zaenker et al. 2004). On the contrary, TGF-B1 has been
accepted to be associated with fibrogenesis. It seems that
there are no relationships between both proinflammatory
TNF-o and profibrogenic TGF-B1
Repeated biopsies in the future may elucidate a role of

and proteinuria.

these cytokines in the progression of the disease. Since
we had no possibilities to obtain renal biopsy in healthy
subjects, we are not able to speculate on the level of
cytokine mRNA expression in our patients compared to
the normal situation. TGF-B1, TNF-a, MCP-1 and
RANTES are produced by all types of mononuclear cells,
various cell types within the kidney or infiltrating cells.
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Some studies shows relationships between cytokine
expression in peripheral blood mononuclear cells and
kidney damage (Yano et al. 1997). Evaluation of
cytokine/chemokine mRNA in the urine may provide
additional information, however, renal biopsies remain
best material reflecting particular changes in the kidney.
Surprisingly, despite small number of patients,
our study is one of the largest hitherto published (Segerer
et al. 2000, Kim et al. 2001, Lim et al. 2001, 2003).
Since biopsy specimens were obtained for just routine
morphology, there is not enough material for other
immunohistological staining to detect cytokine protein
expression within the renal tissue. Similarly, quantitative
analysis of infiltrated mononuclear cells may be of
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Abstract

Background. The mechanism of IgA nephropathy (IgAN)
progression remains ill-defined. In this prospective study,
the prognostic role of clinical, histological and molecular
markers over a 2-year follow-up was evaluated.
Methods. Fifty-one patients with biopsy-proven IgAN were
followed for 24 months. Besides routine histology, the in-
trarenal gene expressions of cytokines and chemokines were
quantified by reverse transcription quantitative real-time
polymerase chain reaction, and the presence of lymphocytes
and macrophages were immunohistochemically examined.
Results. Higher transforming growth factor-31 and severe
chronic vasculopathy (but not glomerulosclerosis, intersti-
tial fibrosis or lymphocyte infiltrate) were associated with
the IgAN progression 24 months after biopsy. The gene
expression of chemokine (C—C motif) ligands 2 and 5,
hepatocyte growth factor, bone morphogenic protein-7
and transforming growth factor-31 and the interstitial infil-
trate of T and B lymphocytes and macrophages were signifi-
cantly associated with serum creatinine and glomerular
filtration rate at the time of biopsy. The intrarenal chemo-
kine (C—C motif) ligand 2 and hepatocyte growth factor
gene expression were associated with the proteinuria.
Conclusions. Besides the known risk factors for chronic
kidney disease, advanced vasculopathy and molecular
signatures of fibrogenesis were associated with the IgAN
progression.

Keywords: cytokines; gene expression; IgA nephropathy; interstitial
infiltrate; vasculopathy

Introduction

Immunoglobulin A nephropathy (IgAN), mesangioproli-
ferative glomerulonefritis, represents the most frequent
histological finding in biopsies performed in the Western
world and Asia. Since about 25% of patients develop end-
stage renal disease, therapy for I[gAN consumes signifi-
cant economical resources. The pathogenesis of I[gAN
remains poorly understood, and it has been hypothesized
that the mesangial depositions of immunoglobulin A are
the result of autoimmune insult and antigen-independent
altered glycosylation of immunoglobulin A [1]. The I[gAN
flare and immunologic activity is often difficult to esti-
mate since the disease may last for decades before clinical
manifestation. Predictors for poor outcome include both
clinical and histological factors—all of which may be bet-
ter markers of irreversible damage than the activity of the
disease. The presence of renal dysfunction, proteinuria
and hypertension at the time when the diagnosis is made
has been considered to be associated with the disease pro-
gression and correlated with interstitial fibrosis as well
[2]. However, the accuracy of these clinical markers is
not sufficient to predict the risk for [gAN progression re-
liably or to guide more specific therapy for those in higher
risk.

Recently, it has been hypothesized that molecular phe-
notypes of various diseases with broad forms of the mani-
festation, such as IgAN, might allow discriminating
patients at risk for disease progression and personalizing
their treatment [3—6]. Whole genome transcripts in mi-
cro-array analysis may prove molecular heterogeneity of
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chronic kidney diseases (CKD) [7], but micro-array ana-
lyses are expensive, time consuming and often evaluated
with improper statistics. Thus, gene expression analysis
using the reverse transcription quantitative real-time poly-
merase chain reaction (RT-qPCR) method for the prediction
of disease progression has recently been preferred with the
aim of its use in clinical practice in the near future [§].

Interstitial fibrosis and tubular atrophy are universal
consequences of renal damage of various aetiologies. In
the experimental models of fibrogenesis, interstitial infilt-
ration of mononuclear cells and up-regulation of various
cytokines were observed. Transforming growth factor-{31
(TGF-p1) is known to be one of the most important
factors in promoting mesangial matrix expansion and is
suggested to be a key component of fibrogenesis
cascade [9,10]. Although several reports suggest an anti-
fibrogenic effect of hepatocyte growth factor (HGF),
an increased deposition of matrix induced by HGF has
also been reported. A proliferative state of target renal
cells may influence the effects of HGF on extracellular
matrix turnover
[11]. Contrarily, bone morphogenic protein-7 (BMP7) is a
morphogen that is important for kidney development and
has various antifibrotic properties [12]. The up-regulation
of certain pro-inflammatory and profibrogenic genes such
as chemokine (C—C motif) ligand 2 (CCL2, known also as
MCP-1) or 5 (CCLS, known also as RANTES) has been
shown to be a marker of progressive renal disease in
humans
[13].

Similarly, the role of immune cell infiltration has also
been hypothesized in the progression of CKD including
IgAN. Immunohistochemical evaluation of tubulointersti-
tial inflammation was shown in a retrospective study to
be a useful tool in determining the prognosis in IgAN
and CD3 positive cell infiltration and strongly correlates
with interstitial fibrosis and progression of IgAN [14].

The aim of this prospective multi-centre study was to
evaluate the prognostic role of both the molecular phen-
otype of IgAN and the immune cell infiltration in the
disease progression in a well-defined patient cohort.

Materials and methods

Patients

Fifty-one patients in whom primary IgAN was histologically diagnosed in
three nephrology centres between January 2005 and May 2007 were pro-
spectively enrolled in the study and followed for 24 months. Patients with
Henoch—Schonlein purpura (HSP) systemic lupus erythematosus or with
chronic liver diseases were not included in the study. There were 68.6%
males; the median age at the time of biopsy was 39.1 [32.1-52.5] years;
the median body mass index (BMI) was 26.8 [23.7-32.2] kg/m>. The me-
dian serum creatinine was 25.8 [89.3-222.7] umol/L, and the median
glomerular filtration estimated by Modification of Diet in Renal Disease
formula was 1.1 [0.5—-1.7] mL/s. The median proteinuria at the biopsy time
was 2.0 [0.9—4.5] g/day, and 83.7% of patients had significant erythro-
cyturia. The median serum IgA level was 3.3 [2.2-4.1] g/L. Parameters
are expressed as median [25th—75th percentile]. Angiotensin-converting
enzyme inhibitors (ACEi)/angiotensin II receptor blocker (ARB) ther-
apy was used in 62.5% patients at the biopsy and in 90% and 89% of pro-
gressors and non-progressors, respectively, during the follow-up. None of
our cohort had received immunosuppression before kidney biopsy.

All patients gave their written informed consent to participate in the
study, and the Ethics Committee of the Institute for Clinical and
Experimental Medicine in Prague approved the study protocol.

1. Brabcova et al.

Renal biopsy

All biopsies were performed using a 14-gauge Tru-Cut needle (Uni-Cut
Nadeln, Angiomed, Germany) guided by ultrasound (Toshiba, Power
Vision 6000, Japan). Small portions (~2 mm) of renal tissue from the
cortical or juxtamedullary zone were immediately stored in preserve so-
lution (RNA later, Qiagen) for expression analysis, while the majority of
renal tissue taken by core biopsy was used for routine histology per-
formed by the standard method. Samples were routinely stained with
haematoxylin and eosin, periodic acid—Schiff (PAS), aldehyde—fuchsin
orange G (AFOQG), Sirius red with elastic stain and periodic acid silver-
methenamine (PASM). Histological examination was performed and re-
visited according to recent classification of IgAN [23].

Immunohistochemistry

Immunohistochemistry was performed on 4-um-thick paraffin sections.
The slides were deparaffinized in xylene and rehydrated in graded entha-
nols. After deparaffinization and rehydration, the slides were heated in a
microwave oven for target retrieval. Endogenous peroxidase was blocked
by 0.3% H,0, in 70% methanol for 30 min.

Mononuclear cells

The slides were incubated with the primary antibody (CD3 polyclonal
antibody from DAKO, Denmark; CD4 and CD8 monoclonal antibody
from VECTOR laboratories, Burlingame, CA; CD20 and CD68 monoclo-
nal antibodies from DAKO, Denmark), and detection of monoclonal anti-
bodies was performed using Histofine Simple Stain MAX PO (Nichirei,
Japan). Finally, the specimens were stained with 3,3 diaminobenzidine
(DAKO, Denmark) and were counterstained with Harris’s haematoxylin
and embedded in Entellan (both from Merck, Germany). The number
of positive cells per 1 mm* was calculated using Olympus DP-SOFT
(Software Imaging Systems, Miinster, Germany).

Transforming growth factor B

The tissues were preincubated with a 10% horse serum (Vector laborator-
ies, Burlingame, CA) for 20 min. Primary antibody (anti TGF-31, clone
TB21, Abcam) was applied for 30 min, diluted 100 x. Detection of mono-
clonal antibody was done using a biotinylated horse anti mouse IgG (H+L)
(Vector laboratories, Burlingame, CA) diluted 200 % for 30 min. Then spe-
cimens were incubated with R.T.U. Vectastain Elite ABC Reagent (Vector
Laboratories, Burlingame, CA) for 30 min. Finally, specimens were stained
with 3,3 diaminobenzidine (DAKO, Denmark) for 3 min and were counter-
stained with Harris’s haematoxylin before they were embedded in Entellan
(both from Merck, Germany).

RNA isolation and RT-qPCR

After renal tissue was homogenized and total RNA extracted using RNA
Blue (Top-Bio s.r.o. Czech Republic), it was reversely transcribed into
complementary DNA (cDNA), as described elsewhere [15], and then
the cytokine expression profile in renal tissue was analysed. Messenger
RNA of chemokines (CCL2, CCLS5) and cytokines (TGF-p1, HGE,
BMP7) was quantified by RT-qPCR (Applied Biosystems 7900HT Fast
Real-Time PCR System) using commercial TagMan fluorogenic probes.
Specific gene expression was calculated relative to the housekeeping gene
hypoxanthine-guanine-phosphoribosyl-transferase (HPRT) using a com-
parative threshold cycle method. The plates also contain the calibrator
sample for relative quantification (2~ 22" method). All investigated
mRNAs were measured in duplicates for each sample. The samples were
considered negative if the Ct values exceeded 40 cycles.

Statistical analysis

The relationship between clinical values and mRNA expression was as-
sessed using Spearman’s correlation coefficient. Differences in mRNA ex-
pression or clinical parameters between groups were analysed using the
Mann—Whitney test. The area below the receiver operating characteristic
(ROC) curve and multivariate stepwise logistic regression were performed
to estimate the risk for disease progression related with different tran-
scripts, clinical values and mononuclear cell infiltration. In case of non-
Gaussian distribution of values, the logarithmic transformation was used.
A P-value <0.05 was considered to be statistically significant.
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Table 1. Association of interstitial infiltrate and gene expression with clinical parameters (Spearman’s correlation)

CD3 CD4 CD8 CD20 CD68 CCLS CcCL2 HGF BMP7 TGF-BI1
Age (year) 0.41 n.s. n.s. n.s. 0.36 0.45 0.42 0.34 n.s. 0.32
Creatinine (mg/dL) 0.74 n.s. 0.63 0.58 0.60 0.63 0.49 0.35 —-0.52 0.29
GFR (mL/min) —-0.67 n.s. -0.52 -0.51 —-0.61 —-0.57 —0.44 -0.32 0.40 -0.37
Proteinuria (g/day) n.s. n.s. n.s. n.s. n.s. n.s. 0.37 0.41 n.s. n.s.

r>0.279, P < 0.05.
r>0.361, P <0.01.
r>0.451, P < 0.001.
n.s., not significant.

Results

Cross-sectional study

To evaluate the association of intrarenal gene expression
patterns or lymphocyte or macrophage infiltrate with clin-
ical and histological parameters, several univariate ana-
lyses were performed.

Associations of gene expression patterns and mononuclear
cell infiltration with the histological presence of crescents
at the biopsy

Although the morphology in IgAN may vary, we did not
find any significant differences between the expression
profiles of analysed genes and the presence of crescents
in the biopsy. Similarly, the infiltration of T-helper cells
(CD4+), cytotoxic T cells (CD8+) and B cells (CD20+)
in the interstitium and glomerular area were not associated
with the presence of cellular crescents. Infiltration of T
cells (CD3+) and macrophages (CD68+) cells in the inter-
stititum were significantly higher in biopsy samples with
cellular crescents (P = 0.02 and P = 0.05, respectively)
(data are not shown).

Associations of mononuclear cell infiltration and gene
expression patterns with renal function, proteinuria and
haematuria at the biopsy

To determine the relationship between intrarenal cell infil-
tration, cytokine gene expression profiles and renal injury,
the correlation between mononuclear cell infiltration and
gene expression patterns with clinical parameters was ana-
lysed. The gene expression patterns of analysed molecules
CCL2, CCL5, HGF, BMP7 and TGF-[3] were significantly
related to glomerular filtration rate (GFR) and serum
creatinine at the time of biopsy (Table 1). The interstitial in-
filtrate of T cells, cytotoxic T cells, B cells and macrophages
(CD3+, CD8+, CD20+and CD68+ cells) was significantly
higher in patients with decreased renal function (Table 1).
There was no relation between analysed parameters and T-
helper cell infiltration (CD4+). Glomerular infiltrate was
not associated with renal function.

Cytokine gene expressions and mononuclear cell infil-
tration were associated with proteinuria. Proteinuria sig-
nificantly correlated with the intrarenal CCL2 and HGF
mRNA expression (P < 0.01, » = 0.37; P < 0.01, r =
0.41, respectively) and negatively correlated with macro-
phage infiltration in the glomeruli (P < 0.05, » = 0.36).

A gene transcript of HGF, a molecule with antifibrotic
properties, was higher in patients without erythrocyturia
(P < 0.05), and glomerular macrophage infiltration
(CD68+) was significantly higher in patients with ery-
throcyturia (P < 0.05).

Association of interstitial infiltration with the gene
expression patterns

The interstitial infiltration of CD3+, CD8+, CD20+ and
CD68+ positive cells significantly correlated with the
mRNA of target genes (Table 2). Mononuclear cell invasion
in glomeruli was rare and not significant. There was only a
positive correlation between BMP7 mRNA expression and
infiltrate of both CD3- and CD68-positive cells (P < 0.05,
r=0.36; P <0.01, r = 0.37) (data are not shown).

Longitudinal study

Based on the disease progression during the 24-month
follow-up after kidney biopsy, two patient subgroups were
identified. Ten patients were classified as ‘progressors’, in
whom serum creatinine at the biopsy increased for more than
25% of’baseline values (n =4) or who had renal failure during
2 years follow-up (n = 6). Patients in whom serum creatinine
decreased during the 24-month follow-up or remained stable
within normal range were classified as ‘non-progressors’ (n =
37). Four patients in whom the follow-up was not available
were excluded from the analysis.

Univariate analysis

Patients in the ‘progressor’ group were older, had poorer
GFR and higher serum creatinine at the biopsy. Morpho-
logical evaluation found higher chronic vascular changes

Table 2. Association of interstitial infiltrate with gene expression
(Spearman’s correlation)

Gene transcript CCLS CCL2 HGF BMP7 TGF-B1
CD3+ 0.61 0.37 n.s. -0.43 0.32
CD4+ n.s. n.s. n.s. n.s. n.s.
CD8+ 0.49 0.37 n.s. -0.53 n.s.
CD20+ 0.39 0.34 0.31 -0.49 n.s.
CD68+ 0.43 0.42 n.s. -0.47 n.s.

r>0.279, P < 0.05.
r>0.361, P <0.01.
r>0.451, P <0.001.
n.s., not significant.
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in the ‘progressor’ group (P <0.02, relative risk (RR) =3.7).
Similarly, the higher intrarenal expression of TGF-p1
mRNA and CD68+ cell infiltrate was found in the ‘prog-
ressor’ group (Table 3). There were no differences in the
histological presence of crescents, glomerulosclerosis,
interstitial fibrosis, ACEi/ARB treatment or used immuno-
suppression (Table 3).

ROC analysis

For determination of the risk for IgAN progression in de-
pendence of renal gene expression and mononuclear cell
infiltration during the 24-month follow-up after kidney bi-
opsy, the ROC analysis was designed, and the critical cut
points were adjusted. A higher TGF-£1, HGF and CCL) in-
trarenal mRNA expression (Relative quantity (RQ) > 1.45,

1. Brabcova et al.

RQ > 1.05 and RQ > 31.9, respectively) and higher macro-
phage infiltration (cell number >59.7) were associated with
the risk for disease progression (RR 7.1 for TGF-£1, 5.5
for HGF, 4.9 for CCL5 and 7.5 for CD68, respectively) (P
< 0.05) (Figure 1). The patterns of CCL2 and BMP-7 gene
expression did not impact the disease progression (data
are not shown). Despite trends towards frequent interstitial
infiltration in the ‘progressor’ group, both univariate and
ROC analyses found the interstitial infiltrate of T cells, T-
helper cells, cytotoxic T cells and B cells to have no signifi-
cant relationship with the disease progression (Table 3).

Multivariate analysis

The influence of multiple variables (age at diagnosis, GFR,
serum creatinine, up-regulation of HGF, TGF-f3] and

Table 3. Demographical, clinical, cellular and molecular parameters in patients with and without 24 months disease progression

Clinical variables ‘Progressors’ ‘Non-progressors’ P

N 10 37

Male (%) 70.0 78.4 0.68
Age (years) 55.6 [26.1-65.6] 38.9 [19.3-64.6] 0.05
BMI (kg/m?) 33.0 [20.9-36.8] 24.3 [19.1-40.4] 0.12
Creatinine (umol/L) 309.8 [64.0-534.8] 108.4 [63.0-590.0] 0.02
GFR (mL/s) 0.4 [0.1-1.3] 1.2 [0.2-5.0] 0.00
Proteinuria (g/day) 4.2 [0.4-7.8] 2.1 [0.1-11.0] 0.19
Erythrocyturia (%) 88.9 83.3 1.00
Serum IgA (g/L) 4.4 [1.6-8.0] 3.3 [1.1-5.52] 0.21
Systolic blood pressure (mmHg) 153 [130-210] 140 [90-220] 0.07
Diastolic blood pressure (mmHg) 90 [80-120] 90 [60-130] 0.80
Cholesterol (mmol/L) 4.9 [2.9-8.0] 5.5 [2.7-10.5] 0.32
Triglycerides (mmol/L) 1.5 [0.6-3.9] 2.0 [0.4-6.1] 0.58
Uric acid (umol/L) 419.0 [87.0-482.0] 398.0 [190.0-675.0] 0.90
Immunosuppression (%)* 60.0 29.7 0.19
Prednisone alone 50.0 61.5 1.00
Prednisone + cyclophosphamide 50.0 38.5

Gene expression (RQ)

CCL5 46.0 [13.5-122.5] 19.4 [0.7-72.9] 0.06
CCL2 0.3 [0.1-0.8] 0.2 [0.0-0.7] 0.29
HGF 1.8 [1.0-3.4] 1.2 [0.1-6.1] 0.07
BMP7 0.9 [0.3-2.5] 0.9 [0.4-7.6] 0.45
TGF- B1 1.7 [0.7-5.1] 1.2 [0.0-4.9] 0.01
Interstitial infiltration

CD3+ (cells/mm?) 521.9 [67.2-881.9] 182.9 [20.0-1265.3] 0.07
CD4+ (cells/mm?) 61.4 [0.0-201.9] 30.5 [0.0-224.6] 0.99
CD8+ (cells/mm?) 124.5 [29.0-509.6] 88.1 [6.1-613.8] 0.11
CD20+ (cells/mm?) 59.6 [3.9-292.7] 13.9 [0.0-265.6] 0.13
CD68+ (cells/mm?) 68.7 [15.3-143.9] 23.9 [0.0-105.7] 0.02
Histology

Sclerotic glomeruli (%) 41.7 [0.0-66.7] 11.4 [0.0-64.3] 0.08
Segmental sclerosis (%) 46.4 [4.0-100.0] 32.1 [0.0-100.0] 0.29
Mesangial hypercellularity >6 cells (%) 11.1 394 0.23
Endocapillary hypercellularity (%) 62.5 54.5 1.00
Cellular crescents (%) 70.0 45.5 0.29
IF/TA 22 (%) 70.0 394 0.15
ti 22 (%) 70.0 455 0.28
cv 22 (%) 60.0 17.9 0.02
ah =2 2 (%) 70.0 424 0.16

Parameters are expressed as median [minimum — maximum] or in percentage.
“Follow-up data. Histology classification was performed according to The Oxford Classification of IgA nephropathy: pathology definitions, correla-

tions and reproducibility [23].

Interstitial fibrosis/tubular atrophy (IF/TA), tubulointerstitial infiltrate (ti), chronic vasculopathy (cv) and arteriolar hyalinosis (ah) scoring systems

were adopted from Banff classification [8].

Piiloha 2

35


http://ndt.oxfordjournals.org/

Markers of IgAN progression 5

TGFp1 HGF
1,0 - 1,0
A | B 1.05
0.8 - 1.45 08 1
2 06 - 2 06 1
> =
=] =
w0 (7]
5 5
N 0,4 - » 04 -
0,2 - 0,2 1
0'0 i !/ T T T T T 0‘0 L T T T T T
0,0 0,2 04 0,6 0,8 1,0 0,0 0,2 0.4 0,6 0,8 1,0
1 - Specificity 1 - Specificity
CCL5 CD68
1,0 4 C 1,0 | D
0,8 - 0,8 |
31.9 59.7
2 06 - 2> 0,6 1
> >
7] w
c =
7] @
N 0,4 ©“ 04 -
0,2 - 0,2 -
0’0 3 T T T T T T 0'0 1 T T T T T T
0,0 0,2 04 0,6 0,8 1,0 0,0 0,2 0,4 0,6 0,8 1,0
1 - Specificity 1 - Specificity

Fig. 1. Receiver operating characteristic (ROC) curves for IgAN progression according to the 7GF-1, HGF, CCL5 gene expression and CD68+ cell
infiltration. Up-regulation of these markers significantly determined the progression of IgAN at 2 years after diagnosis. (A) TGF-f31 (cut point = 1.45,
sensitivity = 80.0%, specificity = 78.4%, area under the curve (AUC) = 0.77, SE = 0.09). (B) HGF (cut point = 1.05, sensitivity = 90.0%, specificity =
45.7%, AUC = 0.69, SE = 0.08). (C) CCL5 (cut point = 31.9, sensitivity = 70.0%, specificity = 64.9%, AUC = 0.70, SE = 0.09). (D) CD68 (cut point =
59.7, sensitivity = 71.4%, specificity = 84.8%, AUC = 0.78, SE = 0.11).

CCLS5, chronic vasculopathy score and immunosupres-
sion) on IgAN progression from univariate analysis was
analysed by multivariate regression model. CD68+ cells
were excluded from this model because of missing data Multivariate logistic regression
from three progressor patients (there was not enough ma-
terial for cell account). This model showed advanced
chroqic vasculopathy (OR = 7.1). and higher T GF—ﬁ] X g (yean) 0.05 B - s
pression (OR = 12.2) to be associated with 2-year disease  creatinine (umol/L) 0.02

Table 4. Markers of IgAN progression in multivariate analysis

Univariate P Coefficient OR 95%C.I. P

— - — n.s.

progression (Table 4). GFR (mL/s) 0.00 - - - n.s.

Immunosuppression (%) 0.19 - - - n.s.

CCL5 > 31.9 0.06 - - - n.s.

Association of TGF-31 and chronic vasculopathy HGF > 1.05 0.07 - - - n.s.
.. . .. TGF-BI > 1.45 0.01 2.5 12.2 1.6-91.0 0.007

There was no statistically significant association between ., > > 0.02 2.0 71 1.0-502 0.03

TGF-81 mRNA expression and chronic vasculopathy
score (P = 0.27) at the time of biopsy. TGF-B1 immuno- ns., P> 0.10.
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Fig. 2. (A) Negative TGF-31 immunohistochemistry in patients without 24 months IgAN progression; a, the arterial wall; b, the interstitium. (B) Positive
TGF-P1 imunohistochemistry in progressors; a, focal positivity in the interstitium with inflammation and fibrosis; b, positivity within the thickened intima

of the smooth muscle artery.

histochemical staining revealed the focal positivity both
within the inflammatory-cell-rich interstitium and within
the thickened smooth muscle artery intima in patients in
whom IgAN progressed (Figure 2).

Discussion

The IgAN is characterized by an extreme variability in
clinical course and by the unpredictability of the ultimate
outcome. The different outcome of IgAN with similar clin-
ical and morphological manifestations suggests its molecu-
lar heterogeneity. In this prospective study, we hypothesized
that the expression patterns of several genes with the known
function in fibrosis regulation along with immune cells in-
filtration were associated with the disease progression. At
the IgAN diagnosis, we found both several gene transcripts
and immune cell infiltrate to correlate with the known risk
factors of disease progression such as poor renal function
and proteinuria. However, in the 24-month follow-up, besides
clinical parameters, the IgAN progression was associated
only with the chronic vasculopathy and TGF-B1 gene
expression.

Katafuchi ef al. [16] evaluated the role of vascular dis-
ease in the progression of [gAN by morphometric analysis
in 71 patients. Interestingly, vessel area and hypertension
were equally important as predictors of glomerular scler-
osis and IgAN progression. Similarly, recent data from a
Japan study [17] showed that histological grade involving
also vasculopathy at initial biopsy was considered to be a
reliable parameter to predict [gAN progression among pro-
spectively followed 2283 patients.

Chronic vasculopathy, the consequence of hypertension
and ageing, causes renal ischaemia. As a result of renal
ischaemia, angiotensin II-dependent TGF-B1 overexpres-
sion was identified to be a critical component of renal
fibrogeness [18]. TGF-B1 is a central stimulus of the
events leading to chronic progressive kidney disease, hav-
ing been implicated in the regulation of cell proliferation,

hypertrophy, apoptosis and fibrogenesis. By multiple me-
chanisms, this growth factor acts as a major regulator of
extracellular matrix production and degradation; it stimu-
lates synthesis of extracellular matrix (collagen, fibronec-
tin and proteoglycans), enhances expression of integrins
and reduces activities of matrix-degrading proteases
[19]. Recently, novel mRNA and protein signatures related
also with TGF-[31 signalling were shown to be predictive for
CKD progression in both mice and humans [20]. This
observation is in line with the results of our study.
Interstitial inflammation is a prominent feature asso-
ciated with the severity of renal injury and progressive kid-
ney failure. In the cross-sectional part of the study, we
showed interstitial infiltrate of T and B lymphocytes along
with macrophages to correlate with the up-regulation of
chemokine genes that attract lymphocytes and monocytes
into the site of injury. These cells are thought to actively
participate in fibrogensis [19]. Proteinuria is widely ac-
cepted as a risk for CKD progression [21]; here, we showed
an association of the proteinuria with chemokine and
growth factor gene expression. Contrary to this cross-sec-
tional data, only macrophage interstitial infiltration but
not lymphocyte infiltrate was shown to predict the IgAN
progression in the longitudinal part of the study. This con-
trasts with retrospective studies where tubulointerstitial in-
flammation determined IgAN prognosis [14,22]. These
studies provided, however, no relevant information regard-
ing the used immunosuppression, while in our study, both
‘progressor’ and ‘non-progressor’ groups did not statisti-
cally differ in immunosuppressive therapy. This may reflect
the presence of active disease phenotype with dense mono-
nuclear infiltrates at the early stage of the disease that was
successfully converted. We also did not prove the prognostic
role of interstitial fibrosis or glomerulosclerosis. The meta-
analysis of 30 studies that, besides clinical factors, also
evaluated prognostic value of morphological lesions was in-
consistent because histology was characterized either by
overall score or by semiquantitative grading of individual
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glomerular, tubular, interstitial and vascular changes. When
single lesions were analysed separately, glomerulosclerosis
and interstitial fibrosis appeared to be the predictors of
IgAN progression [2].

Besides known risk factors for CKD progression such
as higher proteinuria and poor renal function, in our study
we have shown advanced vasculopathy and molecular sig-
natures of fibrogenesis to be associated with the short-
term IgAN progression. Taking into account also higher
patients’ age, we assume that the clinical diagnosis of
the disease in the ‘progression’ group was made in the
longer interval after its first flare. For adapting treatment
decisions to IgAN molecular phenotype in the light of our
limited sample size, larger prospective multi-centre and
molecular marker-based clinical trials are warranted to
validate these results.
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Abstract

Aims: Proinflammatory cytokines are thought to play an im-
portant role in various kidney graft diseases resulting in in-
terstitial fibrosis and tubular atrophy frequently found in
case biopsies. To explore the role of various cytokines and
chemokines in the long-term graft outcome, the transcrip-
tion patterns of their genes in kidney allograft biopsies were
evaluated. Methods: The real-time RT-PCR was used to iden-
tify intragraft mRNA expression of cytokines and chemo-
kines in 74 kidney graft recipients and the results were cor-
related with histological and clinical parameters and
long-term graft outcome. Results: We observed up-regulat-
edIL-10 (p<0.001), TGF-B4, IL-6, MCP-1, RANTES (p < 0.01) and
TNF-a (p < 0.05) mRNA expression in patients with chronic
allograft nephropathy (CAN) as compared to controls. There
were positive correlations between the mRNA expression of
IL-6 (p < 0.001), IL-10 (p < 0.01), TNF-c, MCP-1 (p < 0.05) and
the proteinuria. The up-regulation of intrarenal MCP-1 in pa-

The study was presented at the World Transplant Congress, Boston,
Mass., 2006.

tients with CAN increased the risk for the graft failure within
the next 42 months (OR 5.1, p < 0.05). Kaplan-Meier survival
analysis revealed that proteinuria and higher intragraft ex-
pression of TGF-B; and MCP-1 predict a poor kidney graft
outcome. Conclusion: Expression patterns of intrarenal pro-
inflammatory genes might discriminate patients at a higher
risk for the earlier allograft failure.

Copyright © 2007 S. Karger AG, Basel

Introduction

Although the significant improvement in the 1-year
survival rate of renal transplants and patients has been
achieved in the last decades, the fate of renal allograft has
not been substantially changed in the long term [1]. Both
interstitial fibrosis and tubular atrophy as a result of
various graft injuries are involved in chronic allograft
nephropathy (CAN) [2-5]. CAN defined in the Banff 97
classification is frequently found in failing grafts. Allo-
antigen-dependent risk factors for the interstitial fibrosis/
tubular atrophy (IF/TA) development have been
shown to be acute and subclinical rejection and chronic
humoral rejection, whereas alloantigen-independent factors
such as poor donor organ quality, ischemia/reperfusion
injury, infections, calcineurin inhibitor nephrotoxicity
or hypertension may play a role at the same time
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Table 1. Patient demographic and clinical characteristics (mean
+ SD values)

Patient group Controls CAN
Biopsies 30 44

Females 12 (40%) 13 (30%)
Patient age, years 434%129 448*123
Donor age, years 459%143 409%1738
Living donor kidney transplants, % 3 7

HLA mismatches' 33+14 3.6+1.2
Panel-reactive antibodies 19.0+£27.3 19.7%242
Post-transplant time, months 157+10.4 44.8+50.1%%
Total follow-up, months 46.0%352 130.6£130.5**
History of acute rejection, % 28 50
Diabetes, % 17 16
Hypertension, % 93 98

Use of ACE inhibitors, % 37 59

Use of hypolipidemics, % 53 66
Glomerular filtration rate, ml/s 1.1+£04 0.8+ 0.4*
Serum creatinine, pmol/l 149 +£43 219+ 103*
Proteinuria, g/l 0.39£0.65 1.30%2.17*
Serum cholesterol, mmol/l 5.6%1.0 58%1.3
Serum triglyceride, mmol/l 24*14 29%1.6

*p < 0.01; ** p < 0.001.
! Mismatches between donor and recipient in HLA A, B, and
DR loci.

[6-9]. Infiltrating cells producing a broad spectrum of
cytokines, chemokines and growth factors have been fre-
quently found within the injured allografts [10-13]. Ani-
mal models of acute and chronic kidney allograft rejec-
tion showed an increased intragraft expression of TGF-3,
(14], TNF-a, IFN-y, RANTES, MCP-1 and IL-6 [15-17]
compared to control animals without rejection. Chemo-
kines are important activators and attractants of leuko-
cytes infiltrating the graft. RANTES is expressed already
in early stages after transplantation and MCP-1, especial-
ly in late stages after kidney transplantation [16, 18].
However, all these results obtained from animal models
were only partially confirmed in human studies [11]. Re-
cent knowledge shows different and inconsistent results
of gene expressions in CAN according to the Banff 97
classification that involves IF/TA, vasculopathy and glo-
merulopathy [19-21]. To describe the potential of such
risk factors in the CAN development, we evaluated intra-
renal cytokine (TNF-a, IL-6, IL-10), chemokine (MCP-1,
RANTES) and growth factor (TGF-f;) mRNA expres-
sion in the large cohort of patients with biopsy-proven
CAN or normal findings and correlated patterns of gene
expression with morphology and kidney graft outcome.

274 Kidney Blood Press Res 2007;30:273-282

Materials and Methods

Patients

For the purpose of this study, we used 74 biopsies that revealed
either CAN according to the Banff 97 classification or normal
morphological findings and in which a part of the biopsy speci-
mens was used for mRNA isolation. Biopsies were performed be-
tween November 2001 and June 2003 because of late graft func-
tion deterioration (n = 47) or according to protocol (n = 27). There
were 49 males and 25 females; the mean age at the time of biopsy
was 47.0 = 12.6 years. Patient demographic and clinical data are
summarized in table 1. Cyclosporine A was the cornerstone im-
munosuppressant in 58 of them, tacrolimus in the rest. All pa-
tients were regularly followed. The renal function of patients was
monitored up to 42 months after renal biopsy.

From the 430 biopsies performed in our center during this pe-
riod, only those were included into the study that revealed either
CAN or normal morphology and the sufficient amount of RNA
foranalyses was available. All patients gave their written informed
consent to participate in the study and the Ethics Committee of
the Institute for Clinical and Experimental Medicine in Prague
approved the study protocol.

Renal Biopsies and Histomorphology

All biopsies were done by a 14-gauge Tru-Cut needle (Uni-Cut
Nadeln, Angiomed, Germany) guided by ultrasound (Toshiba,
Power Vision 6000, Japan). Small portions of renal tissue from the
cortex or juxtamedullary zone were immediately frozen in liquid
nitrogen and stored at -80°C for expression analysis, while most
of the renal tissue taken by core biopsy was used for routine his-
tology performed by the standard method. Tissues were fixed in
10% formalin for 15-30 min and then processed in a TPC-15 tis-
sue processor (Medite Histotechnik, Germany). 4-wm-thick par-
affin-embedded tissue sections were stained with hematoxylin
and eosin, periodic acid-Schiff, aldehyde-fuchsin orange G, Sirius
red with elastic stain and periodic acid-silver methenamine. Bi-
opsy tissues were scored on the basis of the Banff 97 working clas-
sification [4]. 44 specimens with CAN were obtained (32 case and
12 protocol biopsies) and 30 specimens obtained from patient
with stable and good renal function (n = 15) or with only transient
deterioration with spontaneous improvement (n = 15), which
showed a normal histological pattern of renal tissue served as con-
trols. Banff 97 scores in patient groups are summarized in ta-
ble 2.

Clinical Data

The following clinical variables were recorded in the patients:
gender, age at the time of transplantation, donor age, the origin of
kidney graft (deceased or living donor), the number of HLA mis-
matches, maximal panel-reactive antibodies, serum creatinine,
GFR estimated using the Cockcroft-Gault formula [22], protein-
uria, serum cholesterol and triglyceride levels, the occurrence of
diabetes mellitus and hypertension, use of angiotensin-convert-
ing enzyme (ACE) inhibitors, use of hypolipidemics, the history
of acute rejection and delayed graft function incidence (defined
as a need of post-transplant dialysis).

Patients with CAN did not differ significantly from the con-
trol group in patient age, gender, donor age, the origin of kidney
graft, number of HLA mismatches, maximal panel-reactive anti-
bodies, serum cholesterol and triglyceride levels, the occurrence
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of diabetes mellitus, the occurrence of hypertension, use of ACE
inhibitors, use of hypolipidemics, the incidence of acute rejection
and delayed graft function. Patients suffering from CAN revealed
serum creatinine level and proteinuria to be higher and GFR to
be lower (p < 0.01) as compared to patients in control group.

RNA Isolation and Real-Time Quantitative RT-PCR

The renal tissue was homogenized, total RNA was extracted
using a StrataPrep® Total RNA Microprep Kit (Stratagene, La Jol-
la, Calif., USA) and reverse transcribed into complementary DNA
(cDNA), as described elsewhere [23]. cDNA was amplified by
real-time quantitative polymerase chain reaction (PCR) (Taq-
Man™, ABI Prism 5700 Sequence Detection System, Perkin-
Elmer) using fluorogenic probes. To exclude cross-reactivity with
genomic DNA, amplification primers were designed to span the
exon borders. Samples were tested for genomic DNA contamina-
tion and, if tested positive, excluded from the study. TGF- 84,
TNF-qIL-6,1L-10, MCP-1 and RANTES mRNA were measured
in duplicates for each sample. All primers and probes were
designed, and assays were validated at the Institute of Medical
Immunology, University Medicine Berlin - Charité, Germany.
Because preceding experiments demonstrated amplification
efficiencies in our system of nearly 1 for all panels, specific
gene expression was calculated relative to that of the house-
keeping gene HPRT (comparative threshold cycle method (2T
)-

Statistics

For comparison of data obtained in both groups, the

Mann-
Whitney test was used. TGF-f3, TNF-¢ IL-6, IL-10, MCP-1 and
RANTES mRNA expression levels were correlated with clinical
and morphological data (Spearman-rank correlation) and for bin-
ary variables the Mann-Whitney test was used. The receiver-op-
erating characteristic (ROC) curve was used for setting the cutoff
points of intrarenal mRNA expression levels of studied genes with
the best combination of sensitivity and specificity that indicated
the renal graft dysfunction within 42 months after biopsy. Renal
outcome was also assessed by Kaplan-Meier survival analysis
with log-rank testing. Data are expressed asmean * SDandp <
0.05 was considered to be statistically significant.

Results

Intrarenal Gene Expression

Patients with biopsy-proven CAN exhibited signifi
cantly higher expression of all measured genes compared
to the control group (fig. 1). Patients with CAN revealed
1.8 times higher TGF-f3, 1.5 times higher TNF-q 4.0
times higher IL-6, 12.0 times higher IL-10, 2.4 times high-
er MCP-1and 2.8 timeshigher RANTES intragraftmRNA
expression compared to the control group. The expression
levels of followed genes did not differ between groups with
different immunosuppressive regimen (data not shown).
In the CAN group, there was not any difference in intra-
graft cytokines and chemokines gene expression
levels between the protocol and case biopsies (data not

shou¥Bal Gene Expression and Kidney
Graft Outcome

Table 2. Patient histomorphological data

Patients ~ Banff grade
0 1 2 3 NC

Glomerulitis (g) Controls 29 0 0 0 1
CAN 32 8 1 0 3
Glomerulopathy (cg) Controls 28 1 0 0 1
CAN 29 9 2 1 3
Mesangial matrix Controls 24 5 0 0 1
increase (mm) CAN 27 10 3 1 3
Tubulitis (t) Controls 17 10 0 0 3
CAN 11 33 0 0 0
Tubular atrophy (ct) Controls 4 23 0 0 3
CAN 0 24 10 9 1
Interstitial inflammation (i) Controls 28 0 0 0 2
CAN 41 2 0 0 1
Interstitial fibrosis (ci) Controls 27 1 0 0 2
CAN 0 19 13 10 2
Arteriolar hyaline Controls 7 18 3 0 2
thickening (ah) CAN 2 15 13 12 2
Intimal arteritis (v) Controls 29 0 0 0 1
CAN 40 0 0 1 3
Vascular fibrous intimal Controls 18 8 3 0 1
thickening (cv) CAN 3 15 19 3 4
CAN grade CAN 0 22 13 9 0

NC = Not classified.

Correlation of Intrarenal Gene Expression with

Clinical Parameters

The expression levels of these cytokines and chemo-
kines were compared with clinical data of kidney graft
recipients (table 3). We found a significant negative cor-
relation between donor age and IL-10 mRNA expression
(p < 0.05). The mRNA expression of TNF-a and RAN-
TES correlated with the time post-transplant (p < 0.05).
Interestingly, the mRNA expression levels of all followed
genes correlated with proteinuria. There were significant
relations between IL-6 (p <0.001), IL-10 (p < 0.01), TNF-
o and MCP-1 (p < 0.05) and proteinuria, and a trend to-
wards the higher expression of TGF-f3; and RANTES in
patients with higher proteinuria. Moreover, the TGF-f3,
mRNA expression correlated with serum cholesterol lev-
els (p <0.05), MCP-1 mRNA expression with serum cre-
atinine (p < 0.05), TNF-a mRNA expression with num-
ber of mismatches in HLA-A (p < 0.05), and RANTES
mRNA expression with number of mismatches in HLA-B
(p < 0.05). Patients with diabetes mellitus had signifi-
cantly lower TGF-3; mRNA expression than non-diabet-
ic patients (p < 0.01). There was no correlation between
any cytokine or chemokine mRNA expression level and
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Fig. 1. Quantitative analysis of TGF-f,,
TNF-a, IL-6,IL-10, MCP-1,and RANTES
mRNA expression in CAN compared to
controls. The results are expressed as
the ratio to the housekeeping gene HPRT
(22T method). The box plots show 25 and
75th (boundaries of boxes), 50th (median),
10th and 90th (error bars) percentile val-
ues. * p <0.05; ** p < 0.01; *** p <0.001.

Fig. 2. Comparison of TGF-f;, MCP-1 and
RANTES mRNA expression in CAN be-
tween patients with no and mild tubulitis.
The results are expressed as the ratio to the
housekeeping gene HPRT (2T method).
The box plots show 25 and 75th (boundar-
ies of boxes), 50th (median), 10 and 90th
(error bars), 5 and 95th (®) percentile val-
ues. * p < 0.05; ** p<0.01.
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Fig. 3. Comparison of TNF-a and RANTES mRNA expression in
CAN between patients with negative and positive C4d staining.
The results are expressed as the ratio to the housekeeping gene
HPRT (2T method). The box plots show 25 and 75th (boundar-
ies of boxes), 50th (median), 10 and 90th (error bars), 5 and 95th
(®) percentile values. * p < 0.05; NS = not significant.

Table 3. Correlation between cytokine and chemokine gene ex-
pression and clinical data of kidney graft recipients suffering
from CAN

Variables! Cytokine/ r, value? p value
chemokine
Donor age IL-10 -0.4525 0.0381
Post-transplant period TNF-a 0.3670 0.0188
to biopsy IL-6 0.3797 0.0528
RANTES 0.3032 0.0468
Proteinuria TGF-3, 0.2918 0.0556
TNF-a 0.3687 0.0182
IL-6 0.6050 0.0020
IL-10 0.4818 0.0273
MCP-1 0.3395 0.0278
RANTES 0.2863 0.0604
Cholesterol TGF-B,; 0.3115 0.0411
Serum creatinine MCP-1 0.3070 0.0467
HLA-A mismatches TNF-a 0.3126 0.0480
HLA-B mismatches MCP-1 0.2947 0.0591
RANTES 0.3613 0.0192
Diabetes TGF-B, 0.0061°

! Only variables where the correlation reached statistical sig-
nificance for some of followed genes are mentioned.

2 Spearman rank correlation coefficient. Statistically signifi-
cant values are represented in boldface type.

3 Mann-Whitney test.

Intrarenal Gene Expression and Kidney
Graft Outcome

Table 4. Correlation between cytokine and chemokine gene ex-
pression and histomorphological categories used in the Banff
working classification of renal allograft biopsies and CAN grade

Variables! Cytokine/ ryvalue?  pvalue
chemokine
Glomerulopathy (cg) IL-6 0.4781 0.0168
Tubulitis (t) TGF-B; 0.4113 0.0070
MCP-1 0.3274 0.0338
RANTES 0.4154 0.0065
Tubular atrophy (ct) MCP-1 0.3093 0.0477
RANTES 0.2563 0.0968
Interstitial fibrosis (ci) MCP-1 0.2613 0.0985
RANTES 0.3030 0.0524
Arteriolar hyaline TGF-B,; 0.2716 0.0820
thickening (ah) IL-6 0.3380 0.0978
Vascular fibrous intimal
thickening (cv) IL-10 -0.3916 0.0967
The sum of ‘¢’ score? TGF-B, 0.2724 0.0741
MCP-1 0.2937 0.0570
RANTES 0.3126 0.0404
CAN grade TGF-B, 0.2681 0.0787
MCP-1 0.2962 0.0549
RANTES 0.2688 0.0780

! Only variables where the correlation reached statistical sig-
nificance for some of followed genes are mentioned.

2 Spearman rank correlation coefficient. Statistically signifi-
cant values are represented in boldface type.

3 The sum of categories referring chronic histological changes.

variables such as the age of the patient, gender, the origin
of kidney graft, maximal panel-reactive antibodies, plasma
triglyceride levels, glomerular filtration rate (GFR),
and the incidence of acute rejection and delayed graft
function.

Correlation of Intrarenal Gene Expression with Histo-

morphological Parameters

Cytokine and chemokine expression levels were also
correlated with histomorphological categories used in
the Banff working classification of renal allograft biopsies
and CAN grade (table 4). Interestingly, TGF- 3,
mRNA expression correlated strongly with the degree of
tubulitis (p < 0.01). Similarly, there were correlations
between tubulitis and RANTES (p < 0.01) and MCP-1 (p
<
0.05) mRNA expressions. There were significant differ-
ences in expression of these genes between patients without
or with mild tubulitis (fig. 2). The occurrence of mild
tubulitis in CAN did not differ between protocol and case
biopsies (data not shown). MCP-1 mRNA expression cor-
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Table 5. Cutoff value for gene mRNA expression determined
using the ROC curve analysis

a Controls

Variable Cutoff  Sensi-  Speci- AUC 95% CI
valueb? tivity  ficity

TGF-B, 23.0 40.0 93.3 0.647 0.432-0.825

TNF-a 0.035 100.0 60.0 0.780 0.571-0.919

IL-6 0.016 62.5 66.7 0.556  0.301-0.790

IL-10 0.007 71.4 71.4 0.653 0.361-0.878

MCP-1 2.1 70.0 60.0 0.633 0.419-0.815

RANTES 0.53 100.0 46.7 0.720  0.506-0.879

b Patients with CAN

Variable Cutoff ~ Sensi-  Speci- AUC 95% CI
value!  tivity  ficity

TGF-3, 25.0 54.2 100.0 0.667 0.460-0.834

TNF-a 0.18 56.5 100.0  0.565 0.358-0.757

IL-6 0.045  70.6 100.0  0.735 0.486-0.907

IL-10 0.0013 78.6 50.0 0.536 0.276-0.781

MCP-1 52 47.8 100.0  0.565 0.358-0.757

RANTES 1.8 45.8 100.0 0.611 0.406-0.791

! Intrarenal gene expression higher than these cutoff values
were associated with deteriorated renal function (GFR <0.8 ml/s)
at 42 months after the initial biopsy.

2 The cutoff values are significant for TNF-a and RANTES.

related with the score of tubular atrophy (p < 0.05), and
RANTES mRNA expression correlated with the sum of
categories referring chronic histological changes (p <
0.05). IL-6 mRNA expression correlated with glomer-
ulopathy score (p < 0.05). No significant correlation was
found between followed cytokine and chemokine mRNA
expression and neither interstitial fibrosis of kidney graft
nor the grade of CAN.

The Mann-Whitney analysis revealed that TNF-a
mRNA expression differed significantly between the
biopsies with positive and negative C4d staining (p <
0.05). There was a trend towards higher RANTES
mRNA expression in patients with positive C4d stain-
ing (fig. 3),but there were no differences in expression
of other followed genes.

42-Month Follow-Up

Renal allograft recipients were followed for the next 42
months after the initial core biopsy. The ROC curve ana-
lysis in controls revealed that TNF-ao mRNA expression
over 0.035 (TNF- o /HPRT gene expression ratio) was

278 Kidney Blood Press Res 2007;30:273-282

Table 6. Influence of cytokine and chemokine gene overex-
pression in patients with CAN on graft failure in the long term

Variable OR 95% CI p
TGF-B;>25(n=19) 3.15 0.86-11.05 0.078
MCP-1>5.2 (n = 14) 5.1 1.28-20.68 0.017

MCP-1 overexpression (ratio MCP-1 vs. HPRT >5.2) in initial
biopsies increased the risk (odds ratio) for renal allograft failure
within 42 months. x* contingency table analysis.

Table 7. Influence of proteinuria >1 g/1 on the graft failure

Odds ratio 95% CI
Graft failure within:
24 months 6.55 1.57-27.2
36 months 5.37 1.48-19.4
42 months 14.06 3.8-52.0

Patients with proteinuria >1 g/ are at a higher risk for graft
failure within 24, 36 and 42 months, respectively, than patients
with proteinuria <1 g/1. Contingency table analysis.

associated with deteriorated renal function (GFR <0.8
ml/s) at 42 months after the initial biopsy (table 5a).
Enhanced MCP-1 gene expression in the initial biopsy
implied an increased risk for renal graft failure in CAN
patients within 42 months: odds ratio 5.1 (p = 0.017, table
6),although the ROC curve analysis did not reveal the
association of enhanced MCP-1 expression with de-
teriorated renal function (GFR <0.8 ml/s) at 42 months
after the initial biopsy (table 5b). Similarly, there was also
a trend towards higher risk for renal graft failure within
42 months after biopsy in grafts with enhanced TGF-f
expression: odds ratio 3.15 (p = 0.078, table 6).

Patients with proteinuria >1 g/l at the time of biopsy
were found to be at higher risk for graft dysfunction with-
in 24, 36 and 42 months, respectively, than patients with
proteinuria < 1g/I(table7).

Kaplan-Meier Analysis of Graft Survival

The Kaplan-Meier analysis revealed that kidney graft
recipients with the proteinuria =1 g/l at the time of
biopsy had significantly shorter graft survival than re-
cipients with the proteinuria <1 g/l (p < 0.001, fig. 4).
Similarly, patients with CAN and enhanced intrarenal
expression of TGF-§ and MCP-1 at the time of biopsy
(ratio to

Hribova/Lacha/Kotsch/Volk/Brabcova/
Skibova/Vitko/Viklicky

Ptiloha 3 44



HPRT =25 and 5.2, respectively) had significantly short-
er graft survival than patients with the low expression of
these genes (fig. 5).

Discussion

Despite the fact that the short-term results of renal
transplantation have significantly improved in recent
past years, the long-term survival of kidney graft has re-
mained almost unchanged [1-3]. CAN, according to the
Banff 97 classification including IF/TA along with vascu-
lopathy and glomerulopathy, has been shown to be pres-
ent in the majority of protocol biopsies performed 12
months after transplantation [24]. Similarly to native ne-
phropathies, proteinuria has been suggested to be an im-
portant risk factor for kidney graft failure [25-27]. Here-
in we studied intragraft growth factors, cytokine and
chemokine gene expression, and correlated their patterns
with the clinical and histomorphological data.

We found all studied cytokines and chemokines to be
up-regulated in biopsies revealing CAN. The most up-
regulated cytokine in patients suffering from CAN was
IL-10. This cytokine was shown to be up-regulated in
acute allograft rejection [20, 28]. The up-regulation of
intragraft IL-10 expression in CAN might result from en-
dogenous counter-regulation to chronic inflammatory
stimuli. It is known that this cytokine, as well as other
type 2 cytokines, can promote B-cell proliferation and
differentiation into plasma cells, increase antibody pro-
duction as well as drive a shift from Th1- toward Th2-cell
responses. It has been speculated that type 2 cytokines
produced by activated macrophages, NK cells, and CD8+
T cells within the graft contribute to the activation of B
cells, playing a role in chronic humoral rejection [29].

Recent publications point to a significant role of some
cytokines and growth factors, such as TGF-@3,, TNF-a,
IL-1B, and IL-6, in the vascular remodeling [30]. TGF-[3,
is a profibrotic factor that may be responsible for the ac-
cumulation of extracellular matrix proteins, probably by
inducing the synthesis of collagens and inhibiting the
synthesis of metalloproteinases, and so contributes to in-
terstitial fibrosis. Many studies demonstrated the higher
expression levels of this factor in chronically rejected re-
nal allografts [31-33].

In the present study, the correlation analysis revealed
no association of TGF-; mRNA expression level with in-
terstitial fibrosis, glomerulopathy, tubular atrophy, and
vascular fibrous intimal thickening. However, higher
TGEF-p, expression levels were associated with mild tubu-

Intrarenal Gene Expression and Kidney
Graft Outcome
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Fig. 4. Kaplan-Meier analysis of influence proteinuria on graft
survival.

litis according to the Banff 97 classification. Recently, the
TGF-f expression in allograft rejection was shown to be
located mainly in the tubular epithelium and, occasion-
ally, on basolateral surface of a tubule and in inflamma-
tory infiltrating cells and its expression increased with tu-
bulitis score. In deteriorating grafts, TGF-[3; was present
within both tubules and interstitial cells [34]. Similar re-
sults were found for CC chemokines - higher grades of
allograft rejection (with severe tubulitis) were associated
with higher expression levels of MCP-1, RANTES, MIP-
18 and MIP-1a in tubular epithelium [35]. This corre-
sponds with our results showing a correlation between
MCP-1 and RANTES expression and mild tubulitis oc-
curring in CAN according to the Banff 97 classification.
Other tests performed on miniature swine revealed the
persistent rejection with tubulitis, disrupted tubular base-
ment membrane and tubular atrophy resulting in pro-
gressive interstitial fibrosis together with chronic allograft
glomerulopathy and arteriopathy in association with the
development of chronic rejection [36]. In our study, the
occurrence of mild tubulitis in CAN proven by either case
or protocol biopsy is in line with the report of Nankivell
et al. [24] showing that tubulitis and subclinical rejection
were uncovered in 26% of kidney graft protocol biopsies
at 12 months after transplantation. All the above findings
indicate the important role of tubulitis and TGF-3;, MCP-
1 and RANTES expression in the pathogenesis of CAN.
In almost all chronic renal diseases interstitial fibrosis
describes renal function better than any other pathologi-
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cal finding, and predicts the progression of chronic renal
failure. Glomerular proteinuria is a risk factor for the pro-
gression of chronic renal failure and interstitial fibrosis
[37-41]. In glomerular proteinuria, not only albumin and
other ‘bulk’ plasma proteins, but also growth factors and
cytokines (e.g. insulin-like growth factor I, hepatocyte
growth factor (HGF), and TGF-,) have been shown to
be translocated into proximal tubular fluid and activate
tubular cells which respond with increased extracellular
matrix production. In response to ultrafiltered growth
factors, tubular cells also secrete compounds that medi-
ated interactions with the interstitium. CC chemokines
(MCP-1, RANTES) contribute to interstitial macrophage
accumulation and induce increased TGF-3; expression
[42-44]. In the present study, we found the correlation be-
tween proteinuria and the expression of all followed cyto-
kines and chemokines. Thus, it seems reasonable to hy-
pothesize that mechanisms initialized by proteinuria and
growth factors ultrafiltration could cause the up-regula-
tion of inflammatory cytokines and growth factors lead-
ing to interstitial fibrosis of transplanted kidney. Because
this hypothesis was not supported by any experiment
demonstrating a cause and effect, we also analyzed retro-
spectively the influence of enhanced cytokine and chemo-
kine intrarenal gene expression on the renal graft function
in the long term. The up-regulation of MCP-1 and TGF-f3,
was shown to heighten the risk for renal graft failure with-
in 42 months. This finding supplements the results of our
previous study that showed high intragraft TGF-3; mRNA
expression in CAN to represent the risk for worse long-
term renal function [45]. Also in control group with nor-
mal morphological findings, the increased intrarenal ex-
pression of TNF-a was associated with deteriorated renal
function. Moreover, Kaplan-Meier graft survival analyses

280 Kidney Blood Press Res 2007;30:273-282

in patients with CAN revealed that enhanced intrarenal
expression of TGF-[3; and MCP-1 at the time of biopsy had
a significant influence on the graft survival. Based on the
above-mentioned facts, we can recommend the tight mon-
itoring of kidney transplant recipients with the increased
intrarenal expression of proinflammatory genes. Patients
whose renal graft failed within 42 months after the biopsy
had also at the time of biopsy significantly higher protein-
uria. The influence of proteinuria =1 g/l on the renal graft
failure was observed as early as at 24 months after biopsy
and the Kaplan-Meier graft survival analysis revealed pa-
tients with proteinuria =1 g/l to have inferior graft out-
come than those with proteinuria <1 g/I. These findings
correspond with others [46, 47] and indicate the protein-
uria to be an important modifying factor which must re-
quire therapeutic intervention.

A possible limitation of our study could arise from the
fact that the patients with normal morphological findings
in biopsy had shorter post-transplant follow-up to biopsy
compared to patients with CAN. However, it is nearly im-
possible to obtain a control group with normal morpho-
logical findings in kidney allografts later than 12 months
after transplantation, since the incidence of CAN is rather
high at 1 year after transplantation [24]. As another limi-
tation of the study could be considered that no immuno-
histochemistry was performed to confirm our data. How-
ever, the importance of the correspondence of immuno-
histochemical and PCR data is not quite unambiguous.
Although in some experiments dealing with cytokine,
chemokine or cell marker expression the significant cor-
relation was found between mRNA and protein levels [48]
or the similar results were obtained using RT-PCR and im-
munohistochemistry [49, 50], other studies did not find a
correlation between mRNA and protein levels [45, 51].
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In conclusion, the kidney grafts that suffer from CAN
according to the Banff 97 classification differ in the pro-
inflammatory cytokine and chemokine gene expression
which influence the long-term graft survival. Therefore,
these expression patterns rather than the degree of fibro-
sis may serve as surrogate markers discriminating grafts
as the risk for failure.

Acknowledgements

We thank Iva Bruzkova for her excellent technical assistance,
Helena Filipova, MD, for ultrasound examination during kidney
graft biopsies, Eva Honsova, MD, and Ludek Voska, MD, for ex-
cellent histomorphological examination, and Tony Dear for En-
glish correction. This study was supported by the Institute for
Clinical and Experimental Medicine (MZO 00023001).

References

Meier-Kriesche HU, Schold JD, Srinivas TR,
Kaplan B: Lack of improvement in renal a#®
lograft survival despite a marked decrease in
acute rejection rates over the most recent era.
Am J Transplant 2004;4:378-383.

Carpenter CB: Long-term failure of renkt
transplants: adding insult to injury. Kidney
Int Suppl 1995;50:540-S44.

Paul LC: Chronic renal transplant loss. Kid-
ney Int 1995;47:1491-1499. >
Racusen LC, Solez K, Colvin RB, Bonsib SM,
Castro MC, Cavallo T, Croker BP, Demetris
AJ, Drachenberg CB, Fogo AB, Furness B
Gaber LW, Gibson IW, Glotz D, GoldbergJC,
Grande J, Halloran PF, Hansen HE, Hartley
B, Hayry PJ, Hill CM, Hoffman EO, Hun-
sicker LG, Lindblad AS, Marcussen N, Mi-
hatsch MJ, Nadasdy T, Nickerson P, Olsen
TS, Papadimitriou JC, Randhawa PS, Rayn®
DC, Roberts I, Rose S, Rush D, Salinas-Mad-
rigal L, Salomon DR, Sund S, Taskinen E,
Trpkov K, Yamaguchi Y: The Banff 97 work-
ing classification of renal allograft pathold®
gy. Kidney Int 1999;55:713-723.

Solez K, Axelsen RA, Benediktsson H,
Burdick JF, Cohen AH, Colvin RB, Croker
BP, Droz D, Dunnill MS, Halloran PF: Inter-
national standardization of criteria for the
histologic diagnosis of renal allograft reje®
tion: the Banff working classification of kid-
ney transplant pathology. Kidney Int 1993;
44:411-422.

Halloran PF: Call for revolution: a new ap-
proach to describing allograft deterioratio®
Am | Transplant 2002;2:195-200.

Tejani A, Ho PL, Emmett L, Stablein DM:
Reduction in acute rejections decreases
chronic rejection graft failure in chil®
dren: areport of the North American Pedi-
atric Renal Transplant Cooperative Study
(NAPRTCS). Am ] Transplant 2002;2:142-
147.

Tullius SG, Tilney NL: Both alloantigen-d&®
pendent and -independent factors influence
chronic allograft rejection. Transplantation
1995;59:313-318.

Chapman JR, O’Connell PJ, Nankivell BJ:
Chronic renal allograft dysfunction. ] Am
Soc Nephrol 2005;16:3015-3026.

10

11

12

13

14

15

16

17

18

19

Adams AB, Larsen CP, Pearson TC, Newell
KA: The role of TNF receptor and TNF su»
perfamily molecules in organ transplanta-
tion. Am ] Transplant 2002;2:12-18.

Baan CC, Weimar W: Intragraft cytokine
gene expression: implications for clinical
transplantation. Transpl Int 1998;11:169-
180. >
Border WA, Noble NA: Transforming growth
factor-f in tissue fibrosis. N Engl J Med
1994;331:1286-1292.

Noronha IL, Eberlein-Gonska M, Hartley B,
Stephens S, Cameron JS, Waldherr R: In situ
expression of tumor necrosis factor-a, inter-
feron-v, and interleukin-2 receptors in renalP
allograft biopsies. Transplantation 1992;54:
1017-1024.

Paul LC, Saito K, Davidoff A, BenediktssonP
H: Growth factor transcripts in rat renal
transplants. Am J Kidney Dis 1996;28:441-
450.

Hancock WH, Whitley WD, Tullius SG,
Heemann UW, Wasowska B, Baldwin WM,
3rd, Tilney NL: Cytokines, adhesion mole-
cules, and the pathogenesis of chronic rejec®
tion of rat renal allografts. Transplantation
1993;56:643-650.

Nadeau KC, Azuma H, Tilney NL: Sequen-
tial cytokine dynamics in chronic rejection®
of rat renal allografts: roles for cytokines
RANTES and MCP-1. Proc Natl Acad Sci
USA 1995;92:8729-8733.

Azuma H, Heemann UW, Tullius SG, Tilney
NL: Cytokines and adhesion molecules in®
chronic rejection. Clin Transplant 1994;8:
168-180.

SongE, Zou H, Yao Y, Proudfoot A, Antus B,
Liu S, Jens L, Heemann U: Early application®
of Met-RANTES ameliorates chronic al-
lograft nephropathy. Kidney Int 2002;61:
676-685.

Melk A, Henne T, Kollmar T, Strehlau J, Lat®
ta K, Offner G, Jhangri GS, Ehrich JH, Von
Schnakenburg C: Cytokine single nucleotide
polymorphisms and intrarenal gene expres-
sion in chronic allograft nephropathy inP
children. Kidney Int 2003;64:314-320.

20

21

22

23

24

25

26

27

28

29

30

Strehlau J, Pavlakis M, Lipman M, Shapiro
M, Vasconcellos L, Harmon W, Strom TB:
Quantitative detection of immune activation
transcripts as a diagnostic tool in kidney
transplantation. Proc Natl Acad Sci USA
1997;94:695-700.

Zegarska J, Paczek L, Pawlowska M, Podr-
zucki W, Rowinski W, Malanowski P, Wszo-
la M, Mroz A: Quantitative gene expression
of TGF-By, TNF-«, IL-1B, and IL-6 in the re-
nal artery wall of chronically rejected hu-
man renal allografts. Transplant Proc 2002;
34:3176-3179.

Cockcroft DW, Gault MH: Prediction of cre-
atinine clearance from serum creatinine.
Nephron 1976;16:31-41.

Platzer C, Ode-Hakim S, Reinke P, Docke
WD, Ewert R, Volk HD: Quantitative PCR
analysis of cytokine transcription patterns
in peripheral mononuclear cells after anti-
CD3 rejection therapy using two novel mul-
tispecific competitor fragments. Transplan-
tation 1994;58:264-268.

Nankivell BJ, Borrows RJ, Fung CL,
O’Connell PJ, Allen RD, Chapman JR: The
natural history of chronic allograft nephrop-
athy. N Engl ] Med 2003;349:2326-2333.
Arias M, Fernandez-Fresnedo G, Rodrigo E,
Ruiz JC, Gonzalez-Cotorruelo J, Gomez-
Alamillo C: Non-immunologic intervention
in chronic allograft nephropathy. Kidney Int
Suppl 2005:S118-S123.

Joosten SA, Sijpkens YW, van Kooten C, Paul
LC: Chronic renal allograft rejection: patho-
physiologic considerations. Kidney Int 2005;
68:1-13.

Massy ZA, Guijarro C, Wiederkehr MR, Ma
JZ, Kasiske BL: Chronic renal allograft rejec-
tion: immunologic and non-immunologic
risk factors. Kidney Int 1996;49:518-524.
Suthanthiran M: Molecular analyses of hu-
man renal allografts: differential intragraft
gene expression during rejection. Kidney Int
Suppl 1997;58:S15-S21.

Orosz CG: Considerations regarding the
contributions of B cells to chronic allograft
rejection in experimental animal models. ]
Heart Lung Transplant 2000;19:634-637.
Paul LC: Chronic allograft nephropathy: an
update. Kidney Int 1999;56:783-793.

Intrarenal Gene Expression and Kidney
Graft Outcome

Kidney Blood Press Res 2007;30:273-282 281

Ptiloha 3 47



(=)}

31 Sharma VK, Bologa RM, Xu GP, Li B, Mou-

radian J, Wang J, Serur D, Rao V, Suthanth®
ran M: Intragraft TGF- B ;| mRNA: a cor-
relate of interstitial fibrosis and chronic allo-
graft nephropathy. Kidney Int 199649:1297-
1303.
Sharma VK, Ding R, Li B, Bologa RM, Lag-
man M, Eduafo A, Edouard P, Mouradian J,
Strom TB, Suthanthiran M: Molecular col®
relates of human renal allograft rejection.
Transplant Proc 1998;30: 2364-2366.
Shihab FS, Yamamoto T, Nast CC, Cohd%
AH, Noble NA, Gold LI, Border WA: Trans-
forming growth factor- B and matrix protein
expression in acute and chronic rejection of
human renal allografts. ] Am Soc Nephrol
1995;6:286-294.
Robertson H, Wong WK, Talbot D, Burt AD,
Kirby JA: Tubulitis after renal transplantatiol®
demonstration of an association between
CD103+ T cells, transforming growth factor- 3
1 expression and rejection grade.
Transplantation 2001;71:306-313. >
Robertson H, Morley AR, Talbot D, Calla-
nan K, Kirby JA: Renal allograft rejection:
B-chemokine involvement in the develop®
ment of tubulitis. Transplantation 2000;69:
684-687.
Shimizu A, Yamada K, Sachs DH, Colvin RBr
Persistent rejection of peritubular capillaries
and tubules is associated with progressive in-
terstitial fibrosis. Kidney Int 2002; 61:1867-
1879.

>

>

—

37 Peterson JC, Adler S, Burkart JM, Greene T,

Hebert LA, Hunsicker LG, King AJ, Klahr SP
Massry SG, Seifter JL: Blood pressure con-
trol, proteinuria, and the progression of ren-
al disease. The Modification of Diet in Renal
Disease Study. Ann Intern Med 1995;
123:754-762. >
Remuzzi G, Bertani T: Pathophysiology of
progressive nephropathies. N Engl J Med
1998;339: 1448-1456.

Ruggenenti P, Perna A, Mosconi L, Matalone
M, Pisoni R, Gaspari F, Remuzzi G: Protein¥®
uria predicts end-stage renal failure in non-
diabetic chronic nephropathies. The ‘Gruppo
Italiano di Studi Epidemiologici in Nefrologia’
(GISEN). Kidney Int Suppl 1997;

63:554-857.

Sheerin NS, Sacks SH: Chronic interstitial
damage in proteinuria. Does complemen®
mediate tubulointerstitial injury? Kidney
Blood Press Res 1999;22:47-52.

Wang S, LaPage J, Hirschberg R: Proteinuria
and progression of chronic renal disease.
Kidney Blood Press Res 2000; 23: 167-169.
Iwano M, Neilson EG: Mechanisms of tubup>
lointerstitial fibrosis. Curr Opin Nephrol
Hypertens 2004; 13: 279-284.

Wang SN, LaPage ], Hirschberg R: Role of
glomerular ultrafiltration of growth factors
in progressive interstitial fibrosis in diabetic
nephropathy. Kidney Int 2000; 57:1002-
1014.

Abbate M, Remuzzi G: Proteinuria as a me¥»
diator of tubulointerstitial injury. Kidney
Blood Press Res 1999;22: 37-46.
Pribylova-Hribova P, Kotsch K, Loderer-
ova

A, Viklicky O, Vitko S, Volk HD, Lacha J: TGF- B
1 mRNA upregulation influences chronic
renal allogPat8d?sfifi¥&ion. Kidney Int 2006;

282

Kidney Blood Press Res 2007;30:273-282

46

47

48

49

50

51

Hohage H, Kleyer U, Bruckner D, August
G,

Zidek W, Spieker C: Influence of proteinuria
on long-term transplant survival in7kilieley
tmsplant recipients. Nephron 1997;
McLaren AJ, Fuggle SV, Welsh KI, Gray
DW,

Morris PJ: Chronic allograft failure in hu-
man renal transplantation: a mul@232r9fte
H¥k factor analysis. Ann Surg 2000;
Diegmann J, Junker K, Gerstmayer B,
Bosio

A, Hindermann W, Rosenhahn J, von Egge-
ling F: Identification of CD70 as a diagnostic
biomarker for clear cell renal cell carcinoma
by gene expression profiling, real-time RT-
PCR and 4minidehidbchemistry. Eur J Can-
€a@Bo%;u Y, Xin YP, Zhang XH, Wang J, Li
YP: The effects of different immunosuppres-
sants on chronic allograft nephropathy by
affecting the transforming growth factor-
and Smads signal pathways. Transplant Proc
2006;38:2154-2157.

MuW, Ouyang X, Agarwal A, ZhangL,
Long

DA, Cruz PE, Roncal CA, Glushakova OY,
Chiodo VA, Atkinson MA, Hauswirth WW,
Flotte TR, Rodriguez-Iturbe B, Johnson RJ:
IL-10 suppresses chemokines, inflammation,
and fibrosis in a model of chronic rkm@l6dis-
86¢).] Am Soc Nephrol 2005;

Kim TW, Ji JW, Chang HG, Kim MO, Ryoo
7Y, Park IK, Kim SJ: 3’-Half of the thrombo-
poietin cDNA confers higher expression of
erythropoietin at the RNA level but not at the
protein level. Mol Cells 2005;19:198-204.

Hribova/Lacha/Kotsch/Volk/Brabcova/
Skibova/Vitko/Viklicky

Ptiloha 3 48



PRILOHA 4

Genetic Variability of Major Inflammatory Mediators
Has No Impact on the Outcome of Kidney
Transplantation

Irena Brabcova," Jan Petrasek,” Petra Hribova," Katerina Hyklova,' Katerina Bartosova,” Jiri Lacha,"’

and Ondrej Viklicky">*

Background. Functionally relevant polymorphisms in genes of the Th1 and Th2-inflammatory pathway influence the
susceptibility to acute rejection (AR), chronic allograft nephropathy (CAN), and subclinical rejection (SR) as well as
graft survival after renal transplantation. Because these findings have not been validated, we sought confirmatory
evidence of these associations in a larger group of renal transplant recipients.

Methods. A total of 436 kidney transplant recipients were genotyped for 9 single nucleotide polymorphisms (TNF-a-
308G/A, MCP-1-2518A/G, RANTES-403G/A, —109T/C and —28C/G, CCR2+190G/A, IFN-y+874A/T, TGF-
B+869T/C and +915G/C) and for the 32-bp indel polymorphism in CCRS5. The effects of these polymorphisms on the
incidence of AR, SR, CAN and graft survival were analyzed in single locus and haplotype models.

Results. Single locus analysis revealed that there was no significant difference in the distribution of the genotype
frequencies between patients with and without AR, and between patients with CAN or SR, and individuals without
CAN. Furthermore, no influence of any of the polymorphisms on the long-term graft survival was observed. Haplotype
[TGF-B +869G; TGF-B +915C] seemed to be associated with the presence of SR (odds ratio: 3.45, 95% confidence
interval: 1.19 — 9.99, P=0.023), but the association was nonsignificant due to the insufficient power.

Conclusion. In contrast to previous allelic association studies, neither of the polymorphisms has been associated with
the outcome of kidney transplantation in the single locus analysis nor in the haplotype model. Our findings reinforce
the need for more rigorous research compliant with the currently accepted standards for polymorphism-disease

association studies.

Keywords: Cytokines, Gene polymorphisms, Chronic allograft nephropathy, Acute rejection, Graft function.

(Transplantation 2007;84: 1037-1044)

Acute and chronic renal graft rejection influences the re-
sults of kidney transplantation and thus remains the
major obstacle in the success of renal transplantation. In
addition to human leukocyte antigen loci, several genes encod-
ing cytokines and their receptors have been recently suggested to
play an important role in the process of rejection (1-3).

As the pathogenesis of rejection is complex, there are
many candidate genes that could potentially influence indi-
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vidual susceptibility. Tumor necrosis factor-alpha (TNF-a),
transforming growth factor-beta (TGF- ), interferon gamma
(IEN-7), regulated upon activation normal T-cell expressed
and secreted (RANTES), monocyte chemotactic protein-1
(MCP-1), CCR2, and CCR5 receptors have been all shown to
be involved in pathogenesis of renal allograft rejection in ex-
perimental setting.

Animal models of acute and chronic kidney allograft
rejection showed an increased intragraft expression of TGF-f3
(4), TNF-a, IFN-vy, RANTES, and MCP-1 (5) compared to
control animals without rejection. In a mouse renal intersti-
tial fibrosis model, Ccr2 and Cer5 knockout animals exhibited
reduced fibrosis comparable to that of their wild-type litter-
mates (6, 7). Furthermore, overexpression of TGF-f in rats
leads to mesangial expansion, accumulation of glomerular
matrix proteins, and interstitial fibrosis leading to progressive
glomerulosclerosis (8).

Although it is well accepted that cytokine-mediated in-
flammation promotes the development of cellular injury,
interstitial fibrosis, and tubular atrophy with subsequent
allograft dysfunction, there is less evidence that genetic vari-
ability in the cytokines determines the susceptibility for kid-
ney graft rejection.
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Recently, numerous polymorphisms in the promoter
regions of TNF-a, MCP-1, RANTES and in the translated
regions of CCR2, CCR5, IEN-vy, and TGF-f3 genes have been
identified. In vitro studies showed that some of them influence
either the expression of the respective gene or the function of the
respective protein. Accordingly, the TNF-a —308G/A and the
MCP-1 promoter polymorphisms —2518A/G enhance the pro-
duction of TNF-a (9) and MCP-1, respectively, by monocytes
(10). Haplotype [— 403A; — 109C; — 28G] in the promoter of
RANTES increase transcription of the gene (11). The poly-
morphism CCR2 +190G/A, corresponding to the amino acid
exchange Val64lle in the second exon of the gene, increases the
transcription of CCR2 (12), whereas deletion of 32-base pairs in
the coding region of CCR5 results in a frameshift and premature
termination of translation at codon 185 (13). Polymorphism
IFN-vy +874A/T islocated within a binding site for the transcrip-
tion factor nuclear factor-«xB and causes a significant increase of
IFN- transcription (14). Finally, two polymorphisms +869T/C
and +915G/C in the coding region of TGF-f, corresponding to
the amino acid exchange Leul0Pro and Arg25Pro, impeded the
production of TGF-f by lymphocytes (15).

Consequently, the role of these polymorphisms in the
susceptibility to the allograft nephropathy in humans has
been studied and several groups reported an association with
acute and chronic kidney graft rejection (16-22). Indeed,
these findings could be utilized in the identification of kidney
allograft recipients predisposed to allograft rejection and thus
potentially benefiting from tailored immunosuppression.
However, in view of the small numbers of individuals involved
in the studies resulting in inadequate statistical power, and the
fact that none of the reported associations has been replicated in
an independent sample of patients, we sought to investigate the
frequency of these polymorphisms in a large cohort of well-
characterized patients who underwent renal transplantation.

PATIENTS AND

METHODS Patient Population

We consecutively included 436 white kidney transplant
recipients who had undergone kidney transplantation at the
Institute for Clinical and Experimental Medicine, Prague, the
Czech Republic, from 1999 to 2004. In the posttransplant
course, all patients received either cyclosporine or tacrolimus
along with mycophenolate mofetil and steroids, recipients
with panel reactive antibodies >50% received prophylaxis by
muromonab-OKT3 or anti-thymocyte globulin. All acute re-
jection episodes (AR) were determined according to Banff 97
criteria (23) and were biopsy proven; borderline changes were
included.

Clinical and laboratory data were collected on the date
that the protocol 12-month biopsy was performed. A com-
plete physical examination was undertaken in all patients.
Laboratory evaluation included creatinine, total cholesterol,
and total triglycerides. The glomerular filtration rate was es-
timated by the Cockcroft-Gault formula (24).

Renal Histology

The protocol 12-month biopsy was performed in 273
patients with functioning kidney graft out of 436 patients who
gave an inform consent with the protocol biopsy. Biopsies
was performed using Tru-cut needle (Uni-Cut Nadeln, An-
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giomed, Germany) guided by ultrasound (Toshiba, Power
Vision 6000, Japan). Samples were routinely stained with he-
matoxylin and eosin, periodic acid-Schiff, aldehyde-fuchsin
orange G, Sirius red with elastic stain, and periodic acid
silver-methenamine. Biopsy tissues were scored on the basis
of the Banff 97 working classification (23). Subclinical rejec-
tion (SR) was defined as histological findings of AR including
borderline changes at 12-month protocol biopsy and stable
kidney graft function.

The study was approved by the institutional review
board and written informed consent was obtained from all
subjects.

Genotyping of Polymorphisms

The genomic DNA was isolated from whole blood sam-
ples using a commercial kit (Whole blood DNA purification
kit; Fermentas, Canada). Single nucleotide polymorphisms
were determined by polymerase chain reaction (PCR) fol-
lowed by restriction fragment length polymorphism analysis:
RANTES, MCP-1, CCR2 (19, 25-27) or by sequence specific
priming (PCR-SSP): TNF-a, IFN-vy and TGF-f3 (28-30). The
insertion-deletion 32bp polymorphism in CCR5 was deter-
mined by a simple PCR method (20).

To minimize genotyping errors, blank controls wells
were left on the PCR plates and assays were wholly retyped in
the call rate was under 80%. Three operators (I.B., P.H., K.H.)
independently performed genotype assignment. Genotyping
was duplicated in case of discrepancy between operators. After
testing for Hardy-Weinberg equilibrium, allele frequencies were
checked for consistency with data from Utah residents with
Northern and Western European ancestry (CEU) population of
European ancestry from the HapMap database (31).

Statistical Analysis

We calculated the sample size required to detect the
effect of an polymorphism on the risk of outcome using the
DSTPLAN  software (http://linkage.rockefeller.edu/soft).
When the odds ratio (OR) of a polymorphism was assumed
to be 2, the required sample size was 110 cases and 110 con-
trols for the polymorphism with the variant allele frequency
of 0.5 (TGF-B +915G/C). When the OR was assumed to be 4,
the same sample size was sufficient to detect a true effect of a
polymorphism with the allele frequency of 0.04 (RANTES
—28C/G). In a model with 190 patients and 190 controls, the
minimal detectable OR values for the same allele frequencies
were 1.8 and 3.1, respectively. The calculations have been per-
formed at a 5% level of significance for 80% statistical power.

Hardy-Weinberg equilibrium of alleles at individual
loci was evaluated using the chi-square test. Linkage disequi-
librium coefficients D’=D/D,,,;, o; max and r* were calculated
using the standard formulas (32). The coefficients D’ and 1%,
ranging from 0 to 1, denote the strength of the LD. The value
of D’=1 indicates a complete LD if one haplotype is not ob-
served and =1 indicates a perfect LD in case that two hap-
lotypes are not observed.

To evaluate the effect of continuous variables on the
respective clinical outcomes, one-way analysis of variance
was used. Single-locus association analyses with calculation
of OR and 95% confidence intervals (CI) were performed by
univariate logistic regression analysis using SPSS version 14.0
(SPSS Inc., Chicago, IL). Subsequently, multivariate regres-
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TABLE 1. Clinical and laboratory parameters in patients at 12-month protocol biopsy

Chronic allograft nephropathy Normal biopsy Subclinical rejection P value
N 122 113 38
Serum creatinine (umol/L) 173.0%£77.0 130.0+40.8 190.4+166.0 <0.01¢
Glomerular filtration rate (mL/s) 0.94+0.40 1.11£0.38 0.99+0.36 <0.01°
Proteinuria (g/day) 0.60*1.09 0.3220.47 0.58+0.79 <0.001*
Cholesterol (mmol/L) 5.58*1.18 5.47%1.04 5.46*1.14 0.7
Triglycerides (mmol/L) 2.56*1.23 2.38*1.24 2.20%0.75 0.14
Body mass index (kg/m®) 26.4*4.8 26.4*4.9 26.1+5.4 0.92
Panel reactive antibody (%) 20.93+28.89 20.00+29.37 19.34+24.55 0.53
HLA mismatches 2.95%1.30 2.98*+1.24 3.00%£1.40 0.97
HLA DR mismatches 0.70%=0.67 0.60%0.62 0.82%0.69 0.69
Systolic blood pressure (mm Hg) 145.0*=18.5 143.0*£19.5 142.6*15.8 0.62
Diastolic blood pressure (mm Hg) 86.8+10.3 85.3+110.6 86.1+10.7 0.55
Acute rejection incidence (%) 35.2 21.1 <0.05°
Donor age (years) 46.5+14.9 42.1+16.3 42.4*159 0.08
Donor sex (% male) 59.0 54.9 50.0 0.59
Recipient age (years) 46.1+12.4 48.5+12.6 44.6*12.8 0.15
Recipient gender (% male) 65.6 62.3 78.9 0.17

Continuous variables are means*SD.
“ Significance between all groups.

¥ Significance between chronic allograft nephropathy group compared to normal group.

sion adjusted for total number of mismatches, mismatches in
DR locus, and immunosuppression regimen (either cyclo-
sporine or tacrolimus-based) was performed. For haplotype
analysis, univariate logistic regression was used. To test the
effect of the polymorphisms on the graft survival, the Kaplan-
Meier analysis was used. The level of significance was set at
P<0.05. All P values were two-sided.

RESULTS

Subject Characteristics

The age median of transplanted patients was 49.2 (range
19.0-76.0) years; of them, 287 (65.8%) were male. The mean
number of mismatches between donor and recipient in human
leukocyte antigen (HLA)-A, -B, and -DR loci was 3.1+ 1.2 and
mean percentage of panel reactive antibodies was 19.7+27.3.
The donor age median was 46.0 (range 2.0-76.0) years.

Upon the 12-month protocol kidney graft biopsy,
chronic allograft nephropathy (CAN) was found in 122
(44.5%) patients (CAN grade I in 82 patients, grade II in 27
patients and grade III in 13 patients). Subclinical rejection
was present in 38 patients (Table 1). Patients with CAN had
higher creatinine level and proteinuria with correspondingly
lower glomerular filtration rate values. Moreover, 35% of
patients with CAN presented with AR during the first post-
transplant year, compared to 21% of patients without CAN.
One-hundred and ninety patients with AR had significantly
increased creatinine level and proteinuria, compared to those
without AR (Table 2). Apart from that, no clinically mean-
ingful differences between the groups were observed.

Genetic Polymorphisms

All alleles at individual loci were in Hardy-Weinberg
equilibrium with nonsignificant ¥ values in all groups. The
genotype frequencies in the control groups for all polymor-

phisms were in concordance with the reference HapMap data-
base (31). There was a significant linkage disequilibrium (LD)
between the TGF- +869T/C and TGF-3 +915G/C loci, with
69% of the inferred haplotypes [TGF-f3 +869; TGF-3 +915]

TABLE 2. Clinical and laboratory parameters in
patients with and without acute rejection history at 12
month after transplantation

Acute No acute
rejection rejection P value
N 190 246
Serum creatinine (wmol/L) 173.46£98.66 146.53*64.92 <0.01

Glomerular filtration 0.96+0.37 1.02%+0.39 0.10
rate (mL/s)

Proteinuria (g/day) 0.6+1.02 0.47*+1.14  <0.01

Cholesterol (mmol/L) 5.55*+1.31 5.59+1.07 0.74

Triglycerides (mmol/L) 2.54*1.23 231*1.14  <0.05

Body mass index (kg/m®)  26.75%£5.20  25.99+4.46 0.12

Panel reactive 19.86*26.52 19.59%+27.86 0.81
antibody (%)

HLA mismatches 3.25%1.20 29*+1.23  <0.01

HLA DR mismatches 0.79%0.67 0.57+0.63  <0.01

Systolic blood pressure 139.66+17.22 141.73*18.98  0.25
(mm Hg)

Diastolic blood pressure 84.40£10.99 85.04+9.98 0.54
(mm Hg)

Donor age (years) 44.33%16.99 43.25*1547  0.49

Donor sex (% male) 51.6 61.6 <0.05

Recipient age (years) 45.82+12.00 47.70*12.72  0.12

Recipient gender (% male) 61.8 69.1 0.11

Continuous variables are means*SD.

Priloha 4 51



consisting of either T-G or C-C. The linkage between these two
loci calculated in the CAN-negative control group was almost
complete (D’=0.99), but not perfect (*=0.11).

Single Locus Analysis
Neither univariate analysis nor multivariate analysis
adjusted for number of mismatches, DR-locus haplotype and
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immunosuppression regimen showed significant difference
in the distribution of the genotype frequencies between
patients with and without AR (Table 3), and between pa-
tients with CAN or SR and individuals with normal
12-month protocol biopsy (Table 4). Furthermore, no in-
fluence of any polymorphism on the graft survival was
observed (Fig. 1).

TABLE 3.
after transplantation.

Genotype frequencies in the groups of patients with and without acute rejection history during the first year

Association with acute rejection,

No acute rejection (%) Acute rejection (%) odds ratio (95% CI) Pvalue

N 246 190
MCP-1 —2518

A/A 139 (57) 105 (55) 1

AlG 90 (37) 73 (38) 1.09 (0.80-1.50) 0.58

G/G 17 (7) 12 (6) 0.90 (0.47-2.34) 0.90
CCR2 V641

VIV 186 (76) 148 (78) 1

V/1 59 (24) 42 (22) 0.84 (0.55-1.30) 0.44

1711 1(0) 0(0) — —
CCR5 del 32 bp

ins/ins 189 (77) 155 (82) 1

ins/del 55 (22) 32(17) 0.80 (0.52-1.26) 0.33

del/del 2 (1) 3(2) 2.08 (0.32-13.28) 0.44
TNF-a —308

G/G 181 (74) 138 (73) 1

G/A 62 (25) 50 (26) 1.03 (0.69-1.53) 0.88

A/A 3(1) 2(1) 0.74 (0.11-4.83) 0.75
IFN-vy +874

T/T 50 (20) 41 (22) 1

T/A 119 (48) 98 (52) 0.91 (0.69-1.20) 0.48

A/A 77 (31) 51 (27) 0.80 (0.46-1.40) 0.43
RANTES —403

G/G 163 (66) 118 (62) 1

G/A 72 (29) 67 (35) 1.10 (0.78-1.56) 0.59

A/A 11(4) 5(3) 0.72 (0.24-2.18) 0.56
RANTES —109

T/T 221 (90) 179 (94) 1

T/C 25 (10) 11 (6) 0.52 (0.25-1.09) 0.08

C/C 0(0) 0(0) — —
RANTES —28

C/C 229 (93) 182 (96) 1

C/IG 16 (7) 8(4) 0.52 (0.22-1.23) 0.14

G/G 1(0) 0(0) — —
TGF-B +869, cod 10

C/C 84 (34) 67 (35) 1

T/C 128 (52) 91 (48) 1.01 (0.76-1.33) 0.97

T/T 34 (14) 32(17) 1.09 (0.60-1.07) 0.79
TGF-B +915, cod 25

G/G 200 (81) 162 (85) 1

G/C 44 (18) 26 (14) 0.77 (0.47-1.27) 0.31

C/C 2 (1) 2(1) 0.96 (0.12-7.41) 0.96

Data were adjusted for the total number of mismatches, mismatches in DR locus and immunosuppression regimen in multivariate analysis.
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TABLE 4. Genotype frequencies in the groups of patients with and without chronic allograft nephropathy and
subclinical rejection findings in 12-month protocol biopsy

Association with chronic Association with subclinical

Subclinical o
Normal Chronic allograft rejection allograft nephropathy rejection

Polymorphism biopsy (%) nephropathy (%) (%) OR (95% CI) P value OR (95% CI) P value
N 113 122 38
MCP-1 —2518

A/A 68 (60) 65 (53) 18 (47) 1 1

AIG 36 (32) 49 (40) 18 (47) 1.22 (0.80-1.87) 0.36 1.46 (0.80-2.66) 0.22

G/G 9(8) 8(7) 2(5) 1.00 (0.36-2.80) 0.99 1.07 (0.20-5.61) 0.94
CCR2 V64l

VIV 85 (75) 95 (78) 25 (66) 1 1

Vil 28 (25) 26 (21) 13 (34) 0.95 (0.54-1.69) 0.87 1.56 (0.75-3.25) 0.23

I/1 0 1(1) 0(0) — — — —
CCR5 del 32 bp

ins/ins 92 (81) 98 (80) 29 (76) 1 1

ins/del 21 (19) 22 (18) 8 (21) 1.13 (0.61-2.09) 0.70 1.36 (0.60-3.08) 0.47

del/del 0 2(2) 1(3) — — — —
TNF-a —308

G/G 85 (75) 88 (72) 24 (63) 1 1

G/A 27 (24) 34 (28) 14 (37) 1.14 (0.66-1.97) 0.64 1.65 (0.80-3.37) 0.17

A/A 1(1) 0(0) 0(0) — — — —
IFN-y +874

T/T 22 (19) 29 (24) 5(13) 1 1

T/A 54 (48) 61 (50) 19 (50) 0.84 (0.58-1.22) 0.35 1.27 (0.73-2.2) 0.39

A/A 37 (33) 32 (26) 14 (37) 0.74 (0.35-1.56) 0.43 1.98 (0.59-6.60) 0.27
RANTES —403

G/G 70 (62) 82 (67) 24 (63) 1 1

G/A 39 (35) 36 (30) 13 (34) 0.92 (0.57-1.46) 0.71 1.04 (0.53-2.03) 0.91

A/A 4 (4) 4(3) 1(3) 0.96 (0.23-4.07) 0.96 0.82 (0.09-7.85) 0.86
RANTES —109

T/IT 102 (90) 111 (91) 36 (95) 1 1

T/C 11 (10) 11 (9) 2(5) 0.86 (0.36-2.04) 0.73 0.43 (0.09-2.23) 0.29

C/IC 0(0) 0(0) 0(0) — — — —
RANTES —28

C/IC 104 (92) 116 (95) 36 (95) 1 1

C/IG 8(7) 6(5) 2(5) 0.86 (0.71-1.04) 0.18 0.58 (0.12-2.77) 0.58

G/G 1(1) 0(0) 0(0) — — — —
TGF-B +869,

cod 10

c/C 41 (36) 43 (35) 7 (18) 1 1

T/C 57 (50) 60 (49) 30 (79) 0.86 (0.71-1.03) 0.9 1.05 (0.61-1.81) 0.86

T/T 15 (13) 19 (16) 1(3) 1.15 (0.50-2.63) 0.74 0.33 (0.04-2.97) 0.32
TGE-B +915,

cod 25

G/G 100 (88) 103 (84) 28 (74) 1 1

GIC 11 (10) 18 (15) 10 (26) 1.32 (0.65-2.69) 0.4 2.23 (0.92-5.36) 0.08

c/C 2(2) 1(1) 0 (0) 0.52 (0.04-6.09) 0.60 — —

Data were adjusted for the total number of mismatches, mismatches in DR locus, and immunosuppression regimen in multivariate analysis.

Haplotype Analysis

Haplotype (TGF-B +869G; TGE- +915C) seemed to be
associated with the presence of SR (OR: 3.45, 95% confidence
interval: 1.19-9.99, P=0.023), but the association was nonsig-
nificant due to the insufficient power (data not shown).

DISCUSSION
In the white population, promoter polymorphisms
TNF-a —308G/A, MCP-1 —2518A/G, RANTES —403G/A,
—109T/C and —28C/G, and exonal polymorphisms CCR2+
190G/A, CCR5 del32bp, IFN-y +874A/T, TGF-B +869T/C
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FIGURE 1. Influence of cytokine and chemokine gene
polymorphisms on graft survival (n=436).

and +915G/C have been associated with an increased risk of
systemic lupus erythematodes (33), psoriatic arthritis (34),
human immunodeficiency virus resistance (35, 36), tubercu-
losis (14), and progression of chronic renal insufficiency (37),
supporting their role in the pathogenesis of human inflam-
matory disorders. In line with these reports, several groups
found an association of the polymorphisms with acute or
chronic kidney allograft rejection, with odds ratio for acute
graft rejection ranging from 1.8 (38) to 10 (16) and for chronic
allograft nephropathy ranging from 1.8 (39) to 3.1 (22).

In our study, we included only those cytokines whose
role in the pathogenesis of renal allograft rejection was proved
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in animal models and those polymorphisms whose impact on
the expression of the respective gene or the function on the
respective protein was described in in vitro studies. However,
in contrast to the published reports (16, 22, 40, 41), we found
no association between any of the functionally relevant poly-
morphisms and the risk of acute, subclinical rejection as well
as chronic allograft nephropathy. There are several potential
explanations for the discrepancy between our results and
those of previous studies. These explanations refer to the cur-
rently accepted prerequisites for the design of genotype/phe-
notype association studies (42, 43), to which the previous
studies did not closely adhere.

At the outset, there should be a logical rationale for the
chosen candidate genes and a coherent hypothesis based on
the functional significance of the studied genetic variants. As
regards the former, previous papers correctly studied cyto-
kines involved in the Th1 and Th2-mediated pathogenesis of
renal allograft rejection. However, in a study published by
Sankaran et al. (16), individuals with hypersecretory pheno-
type of both TNF-a and interleukin (IL)-10 had an increased
risk of acute allograft rejection, although IL-10 is an example
of anti-inflammatory cytokine. In a transgenic mouse model,
IL-10 inhibited production of TNF-« and neutrophil accu-
mulation (44), which seems contradictory to the synergism of
both cytokines postulated by Sankaran et al. (16).

Then, several functionally-related genes should be
tested since this approach has a higher chance to detect ge-
netic risk factors than the screening of single genetic variants.
However, as an increasing number of comparisons increases
the false-positive rate (45), an appropriate correction for
multiple testing has to be implemented. Such correction
would show that the association of the TNF-a —308A, TGF-f3
+915G and IL-10 —1082G alleles with acute allograft rejec-
tion reported by Alakulppi et al. (40) is a flawed interpreta-
tion of the data.

Furthermore, subjects with comparable baseline char-
acteristics should be included in order to eliminate possible
confounding (46). In particular, the influence of genetic vari-
ability on rejection could be masked by immunosuppression
even when present. For instance, Asderakis et al. (22)
reported an increased risk for acute allograft rejection for
carriers of the allele *2 of the IFN-y microsatellite polymor-
phism. The association was found only in the subgroup of 28
patients on cyclosporine monotherapy, but not in the whole
cohort of 88 patients, of whom 60 received also steroids and
azathioprine. It is likely that some of these individuals carry-
ing the high producer IFN-y*2 allele might have developed
rejection if they had been only on cyclosporine. The treat-
ment heterogeneity caused an underestimation of patients
with acute rejection and subsequent failure to assign them
into the appropriate outcome group.

In addition, the reliability of the genotyping assays
should be assured and the test for Hardy-Weinberg equilib-
rium (HWE) should be performed. Deviation from the HWE
points at systematic genotyping error, which hampers any
interpretation of the results, as for example in the study of
Dmitrienko et al. (41) in which the low Pvalue for HWE at the
TNF-a —308 locus in the control group of healthy subjects
indicates a significant genotyping inaccuracy.

Finally, the most obvious explanation for the discrep-
ancy between our findings and previous studies is the lack of
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statistical power in vast majority of them. The key determ-
inant of quality in an association study is sample size (43),
which should be determined by the power calculation in the
study-designing phase. Results obtained from inadequately
powered studies tend to have a decreased probability of de-
tecting a true effect of a polymorphism due to the type Il error
(false negativity). Moreover, for any choice of significance
level, the proportion of false-positive results among all positive
results (type I error) is greatly increased as power decreases
(47). Our calculation revealed that none of the studies report-
ing an association of polymorphisms in the proinflammatory
genes with renal allograft rejection complied with the current
demands for 80% power (16, 22, 38, 40, 41, 48). Moreover,
none of the studies included an independent validation co-
hort, which should be implemented, particularly in small
studies that are likely to overestimate the true effect size (49).

In conclusion, none of the functionally relevant poly-
morphisms in the TNF-a, MCP-1, RANTES, CCR2, CCR5,
IFN-vy and TGF-f genes increased the risk of acute, chronic,
or subclinical renal allograft rejection in our cohort. Although
there seems a little doubt that Th1- and Th2-mediated immune
reactions play a role in the pathogenesis of renal allograft rejec-
tion, hereditary susceptibility to acute or chronic renal allograft
rejection in white subjects has not been unequivocally proven. It
remains possible that genetic predisposition to renal allograft
rejection is determined by multiple polymorphisms with a low
individual contribution to the phenotype that cannot be assessed
in allelic association studies. Alternatively, other as yet unidenti-
fied polymorphisms may significantly affect the risk of renal
allograft rejection. Therefore, identification of such
polymorphisms warrants future studies that will be fully com-
pliant with the currently accepted standards for polymorph-
ism-disease association studies.
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