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Uvod

Lécebné vysledky &skych hematologickych malignit se v minulych déetth
dramaticky zlepSily. V satasné dob Ize dosdhnout dlouhodobéheepiti u vice nez
60 % ditskych pacient s akutni myeloidni leukémii (AML).iBsto vSak wasti dti
dochéazi k relapsu«i progresi onemocimi. Lze edpokladat, Ze t&bné protokoly
vysledki lI&cby. Cilem hematolagse proto stava spiSe detailni poznani celého guoce
leukemogeneze, jez by mohlo byt vyuZito pro lepsisikkaci leukémii a také pro
vyzkum novych terapii specifickych pro konkrétnbyy této choroby.

Gen WT1 (Wilms' tumor gene 1) je jiz delSi dobu studovarkgapotencialni
diagnosticky a prognosticky marker a také jakoped sledovani minimalni rezidualni
nemoci (MRN) a imunoterapii (zejména u AML). Tyttudie vSak doposudiimesly
velmi kontroverzni vysledky a konkrétni role geWdT1l v hematopoéze respektive
leukemogenezi tak stale neni objasa

Jednou z ficin téchto diskrepanci mohou byfiané exprimované izoformy genu
WT1 jejichz odliSné role byly popséany v recentnichblfacich. Expresni vzorec
zakladnich variant genMWT1miazZe mit proto zasadni vyznam pro maligni transfoimac
a je nezbytné interpretovat dosavadni publikovaystedky s ohledem na mozny vliv
téchto izoforem. Podobny vyznam mohou mit také mutagenuWT], které byly
nalezeny u cca 10 — 15 % paciestakutnimi leukémiemi. iRomnost &chto mutaci
muze ovliviiovat hladinu exprese celkovélér 1i jeho izoforem.

Zakladnim cilem této prace bylo stanoveni vztalpresniho vzorce izoforem genu
WT1 s jednotlivymi imunofenotypy, genotypy a klinickyrpodskupinami &skych
respektive dosplych AML a myelodysplastického syndromu (MDS). Pstudium
expresniho profilu izoforevT1jsme navrhli unikatni metodiku detekce a kvanétik
variant genoVT1

V ramci mezinarodni pracovni skupiny ,European $tGdoup onWT1Expression
in Childhood Acute Myeloid Leukemia“ jsme ziskadzsahly soubordskych pacierit
s AML predstavujici unikatni kohortu pro studium klinickéagznamu genuWVT1 u
téchto pacient. V ramci této ¢asti prace bylo naSim cilem definitivni stanoveni
prognostického vyznamu geMIT1 a jeho vyuZiti pro sledovani rezidualni nemoci u
détské AML.



DalSim ukolem této mezinarodni pracovni skupinyhbsgSeteni mutaci genMWT1
u détské AML a jejich pipadného vlivu na detekci celkové expr&¢€l neba’ vétSina
doposud popsanych mutaci se vyskytuje v oblasteftalitace gPCR systém
kvantifikujicich expresiWT1

Studium vyznamu genWT1 u dtské AML je v naprosté &Sin¢ realizovano
analyzou vzork kostni dens (KD). Z neékterych publikovanych dat zejména v oboru
dosglé AML vsak vyplyva, Ze periferni krev (PK) je ptento &el vhodrgjSi nez KD.
DalSi ¢ast prace je proto zatiena na mozné vyuziti exprese gewd'l v PK pro
sledovani MRN u paciets ditskou AML.

Krom¢ prognostického vyznamu inicialni hladiny gewirl v dok diagnézy se
v posledni dobé poukazuje na mozny vyznanteg- a potransplantai hladiny WT1
DalSi ¢ast prace proto obsahuje pilotni analyzu prognkétic vyznamu é&chto
¢asovych bod lécby détské AML wetre analyzy dynamiky expres&/T1vzhledem k
jejimu moznému vyuZiti pro sledovani MRN u tétopgky paciend.

Na zaklad nekterych publikovanych vysledk Ize spekulovat, zda je studium
klinického vyznamu exprese gendT1 v hematopoéze a leukemogenezi na urovni
MRNA (messenger ribonukleova kyselina) désjfizi. Proto jsme se zabyvali také
detekci proteinu WT1 a srovnanim jeho expresediridsa mRNAWT1

Poslednicast prace je zathena na refrakterni cytopenii (RC) a aplastickounané
(AA). Diagnostika &chto dvou onemocmi je v sodasné dob zaloZena fedevsim na
morfologickém a histopatologickém hodnoceni KD, r&temize byt v gkterych
piipadech obtizné. Poslednim cilem projektu protoo bgtanoveni diferenciéin
diagnostického algoritmu pro pacienty s RC s vyorit pritokové cytometrie
v kombinaci s kvantifikaci hladiny exprese g1

Vysledky edkladané prace vyznamnymuigpbem pispély k objasini role genu
WT1a jeho izoforem v hematopoéze a leukemogenezioRlynaké stanovit klinicky
vyznam WT1 pro sledovani MRN a rizikovou stratifikaci pacient ctskou AML.
Nami vyvinuta unikatni metodika kvantifikace izodon WT1 predstavuje vyznamny
nastroj pro studium a pochopeni role g&dilila jeho izoforem v nejznéjSich tkanich
at’ jiz fyziologickéhoc¢i maligniho givodu. Z naSich vysledktaké vyplyvd, Ze je nutné
piehodnotit interpretacidgkterych dive publikovanych praci zaffenych na toto téma.



1. Literarni p rehled

1.1. Akutni leukémie a myelodysplasticky syndrom

Akutni leukémie pat mezi nefastjSi maligni onemoaimi v détském \¢ku, které
postihuje celosstove priblizné 30 — 45 dti na 1 000 000 obyvatel/rok (Greaves 2006).
V Ceské republice je tm¢ diagnostikovano cca 80 — 9@tdl(Zdrahalova and Stary
2007). Netastji se akutni leukémie vyskytuje vetkové skupig 1 — 5 let, zatimco
nejmeért zastoupena jeckova kategorie 6 — 9 let a kojenci (Pui, Schrappal.e2004;
Stary, Mayer et al. 2002).

Akutni leukémie Ize roziit na dw zakladni skupiny podle typu hematopoetické
linie, ze které je odvozena maligni leukemickéhkau Jedna se o akutni lymfoblastickou
leukémii (ALL), jejiz buiky nesou znaky lymfoidni linie a akutni myeloideukémii,
jejiz buiky odpovidaji vyvojovym stadiim myeloidni hematopicke® rady. ALL
piedstavuji u &i cca 80 % vSech diagnostikovanyctippdi, zatimco zbylych cca
20 % odpovida fenotyp@\AML (Stary, Mayeret al.2002; Stiller 2004).

Lécebna schémata stasnych protokdl pro terapii akutnich leukémii jsou
vysledkem mnoha klinickych randomizovanych stukiigré umoznily vytvét efektivni
kombinaci chemoterapeutik, radioterapie a god@ I&by. Jednim z nejdezitéjSich
piedpoklad pro Usgsnou terapii paciefits leukémii je jejich adekvatni stratifikace do
rizikovych skupin, kterd umaiije intenzifikaci [€by u pacient s agresiv§ySi formou
leukémie bez zbytmého zatizeni pacients mirrgjSi formou této nemoci. Nemén
dulezitym faktorem, ktery ovlikuje vysledky l€by leukémie, je sledovani MRN a s tim
souvisejici ¥asné odhaleni bliziciho se relapsu, jeZ um@terapeuticky zdsah v jeho
rané fazi (Campana and Pui 1995; Creutzig, Zimmem al. 2005; Kaspers and
Zwaan 2007; Pui, Sandlurad al.2003; Silverman, Gelbat al.2001).

1.1.1. Akutni lymfoblastické leukémie

ALL predstavuji maligni onemoéni lymfoidnich progenitar. Postihuje-li
progenitory B-lymfocytarnirady, jedna se o tzv. BCP-ALL (B-cell precursor ALL)
Z hlediska imunofenotypu v rdmci BCP-ALL rozliSujentzv. cALL (common ALL),
které gedstavuji nejpéetrgjSi skupinu ALL (cca 75 %), dale tzv. preB ALL (c2a %)
a proB ALL (zbylych 5 %). Pouze 1-2% odpovida fematve zralym B-lymfocytim.



U naprosté #Siny BCP-ALL Ize identifikovat aneuploidi, spedké
chromozomalni aberace fipadré jiné genetické abnormality. Mezi nejlépe
charakterizované aberace ifpatanslokace t(12;21), ktera vede ke vzniku fuanjenu
TEL-AML1 (viz Obr. 1),¢i translokace t(9;22) s fuznim gendCR-ABL, jenz vytvdi
tzv. filadelfsky chromozom. #omnost &chto aberaci p#t k nejdilezit¢jSim
stratifikatnim kritériim. Nekteré z &chto aberaci je mozné postihnout tzv. cilenou
lécbou, ktera koriguje aberantni funkci fuzniho pnotei(nap. tyrozinkindzové
inhibitory u pacient sBCR-ABLpozitivni ALL — prehled v (Arora and Scholar 2005)).

ALL vychézejici z progenitdr T-lymfocytarnitady (T-ALL) predstavuji cca 15 %
diagnostikovanych ALL. Népstji se jedna o tzv. intermediate T-ALL (36 %i)zralou
T-ALL (40 %), vzacejSim typem je tzv. earlyT-ALL (23 %). Ve srovhanBEP-ALL
dosahuji pacienti s T-b&#nou ALL horSich léebnych vysledi.

Klicovou charakteristikou pacignts lymfoblastickou leukémii je fffomnost
specifické klonalni festavby genu pro imunoglobulinovy nebo T-&tny receptor
(Ig/TCR. Tato unikatni sekvence vznika vipéhu vyvoje leukemické hiky
pieskupovanim genovych segmire gritomna na povrchu vSech hiknleukemického
klonu a je u kazdého pacienta specifickd (Davis Bjuglkman 1988; van Dongen and
Wolvers-Tettero 1991). Této jediére® charakteristiky Ize vyuzit k detekci zbytkové
leukemické populace a nasledné kvantifikaci v ragteidovani rezidualni nemoci (van
Dongen, Breitet al. 1992).

CRFL2 overexprese 6% = Hyperdiploidie
.
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e 25%

ERG delece o 21%.:\ -
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° **\:J] ETV6-RUNXT
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{+] — =

ostatni

- jb .
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Obr. 1 — Vyskyt chromozomalnich aberaci u padismALL (Pui, Carrollet al.2011)
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1.1.2. Akutni myeloidni leukémie

Druhym, v @¢tském ¥ku mérg castym typem akutni leukémie je AML. Jedn& se o
heterogenni skupinu onemaen, kterou nizeme klasifikovat do ¢kolika podskupin
podle toho, ktera hematopoetidiada je leukémii postizena. Podle tzv. FAB klasifika
(French-American-British cooperative group) rozisne z morfologického a
cytochemického hlediska podskupiny MO — M7. K&V klasifikace sw¥tove
zdravotnické organizace (WHO) vychazi z morfologatk a také cytogenetickych
charakteristik a 1épe zohl#dje heterogenni charakter AML (Bennett, Catovskyal.
1976).

V leukemickych blastech cca 55 — 60 % padienAML Ize identifikovat genetické
aberace. Mezi n&pstjSi abnormality pat translokace t(15;17), ktera vede ke zniku
fuzniho genuPML-RARa AML s touto aberacifiedstavuji nejlépe charakterizovanou
podskupinu tzv. akutni promyelocytarni leukémii (AP DalSi typickou aberaci je
t(8;21), ktera vede ke vzniku fuzniho geAML1-ETQ inv16 (fuzni gerCBF-MYH1)),
¢i translokace 9. chromozému postihujici débL (viz Obr. 2) (Grimwade, Walkest
al. 1998; Pui, Carrolet al.2011; Raimondi, Chanet al. 1999).

Zajimavou skupinu tvd tzv. AML s normalnim karyotypem (NK-AML). Nedavné
studie prokazaly u této skupinyifpmnost nejizr¢jSich mutaci a jinych aberaci, které
nelze detekovat konvénimi cytogenetickymi metodami. Jedna se thap interni
tandemovou duplikaci gen&LT3 (FLT3/ITD, mutace postihujici gen prGEBPa
(CCAAT/enhancer-binding protein alphagi mutace v genu WT1l Spektrum
molekulérnich aberaci, které se neustéle zvySupgwjem genomickych technologii,
piedstavuje z klinického hlediska velmi zajimavouomfaci, neb® mnohé zdchto
aberaci nesou prognosticky vyznarh. T3/ITD, NPM1la dalSi) (Pui, Carrokt al.2011;
Ross, Mahfouzt al.2004).

Pacienti s AML dosahuji vyraZrhorSich lIéebnych vysledk ve srovnani s ALL.
Dlouhodol& preziva pouze zhruba 65 % diagnostikovanych patidiejvyznamgjsi
komplikaci I&€by je samoiejmeé relaps neboli znovuobjeveni leukémie. Ve srovnani
s ALL se vSak u AML vyskytuje i vice komplikaci¢asnych fazich by pripadre
vremisi, které byvaji mnohdy fatalni. Absence A specifickych aberaci,
heterogenita leukemické populace a nestabilita ofemotypovych znak navic
komplikuje sledovani MRN, které by umoznilo jastefinovat myeloidni leukemické

bunky.
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Detekci MRN Ize proto aplikovat pouze maxim&ln40 % pacietits AML, jejichz
leukemické bilky nesou #které ztypickych molekulagn genetickych aberaci
(AML1-ETO, CBF-MYH11, PML-RARa, MLlranslokace). Zbyvajici NK-AML tyto
doke charakterizované aberace nenesou (van der Vefbehhaust al. 2003).

V posledni dob vSak i u tohoto typu leukemii byla objevefea novych mutaci
(nap. CEBPa, NPMI1, FLT3 a dalSi), které umakji navrZzeni tzv.
.pacientspecifickym” systétnpro sledovani MRN. Jejich vyskyt je vSak omezen na
velmi malé procento pacignfHollink, Zwaanet al.2009). Snahagkterych pracovnich
skupin se proto upird na nalezeni univergalho markeru leukemickych bék, ktery
by umoznil sledovani MRN u&tSiny pacieni s AML (Yin and Grimwade 2002).

FLT3/ALM

13% v or
FLT3TD .— RAS
18% — 3%
S PTPNTI

| 2%

bez mutace
1(15;17)

inv({16) i | 1(8;27)
8% 12% | 12%
I
I
| normalni
ostatni

Ei\ 17%

del(9q) “*

2% 9
del{5q) ] ;F

2% gcy +8 vzdcné aberace
2% 6%

Obr. 2 — Vyskyt chromozomalnich aberaci u padismAML (Pui, Carrollet al.2011)

1.1.3. Myelodysplasticky syndrom

MDS je heterogenni skupina klonélnich onemimérpostihujicich hematopoetické
kmenové biiky, jehoz vysledkem je selhani krvetvorby a zvySemi&o transformace
do AML. Existuje rekolik klasifikaci dstskych MDS, picemz nefastji se tato skupina
onemocgni &li na refrakterni cytopenii (RC), refrakterni anemiexcesem blast
(RAEB) a refrakterni anemii s excesem hiasttransformaci (RAEB-T) (Hasle,

Niemeyeret al.2003).
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V souwtasné dob nelze jas# identifikovat molekularni mechanizmy, které vedau
vzniku MDS. Konvemini cytogenetikou lze detekovat klonalni aberacezpau zhruba
poloviny pacieni (hag. 59-, 7/79-, +8 a dalSi). Odlisna citlivost myefeglastickych
burgk na inhibitory DNA metyltransferaz (DNMTSs) spote s vysledky metykénich
studii vedly k hypotéze, podle které v patogeneBiSvhraji dileZitou roli epigenetické
alterace (Figueroa, Skrabanetkal. 2009; Jiang, Dunbaet al.2009).

Se zavedenim senzitivnich molekukargenetickych metod bylo identifikovano
mnoho genetickych abnormalit u paciers MDS, které postihuji proteiny, jeZ jsou
souwasti komplex zajig'ujicich epigenetické modifikace (magET2, DNMT3a, EZH2,
ASXL). Recentni studie ukézaly také mutace v kompoobngegsihového aparatu
(napg. SRSF2, U2AF1 VSechny tyto aberace se vyraztastji vyskytuji u pacieni
s MDS nezZ u jinych myeloidnich malignit (Bejar, &tasonet al. 2011; Damm,
Kosmideret al.2012; Ko, Huanget al.2010; Walter, Dinget al.2011).

Identifikace molekularnich mechaniam které pispivaji ke vzniku MDS je
zakladem pro vyvoj terapeutickych agens cilenychabarantni komponenty vyse
pospanych drah (n&pinhibitory DNMTs ¢i histondeacetylaz (HDACs) —ighled v
(Griffiths and Gore 2008)). V soasné dob vsak stale istava jedinou efektivni ébou
pacienti s MDS transplantace hematopoetickych kmenovyckib(FKD).
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1.2. Gen Wilmsova tumoru 1

WT1 byl objeven roku 1990 jako gen, odgdwny za vznik Wilmsova tumoru
ledviny (Call, Glaser et al. 1990), kterjedstavuje n€psejSi intraabdominalni solidni
nador v dtském ¥ku. Jedna se o velmiuakbzity gen, ktery se dastni mnoha
vyznamnych proceésjak na urovni bu&iné, tak i na arovni celého organiznWT1byl
dlouho povazovan za tumorsupresorovy gen vzhledemutacim, které byly nalezeny
u raznych tym malignich onemocmi ¢i premalignich syndrofh Vzhledem
k aberantni expresWT], kterou nachazime uétsiny hematologickych a dalSich
malignit, je vSak v satasné dob akceptovana spiSe tzv. dualni role géNul jez
predpoklada tkéove specificky tumorsupresorovy respektive onkogeniirigk tohoto
genu (pehled v (Scharnhorst, van der Eb al. 2001; Sugiyama 2001; Wagner,
Wagneret al.2003; Yang, Hamt al.2007)).

1.2.1. Struktura a funkce WT1

GenWT1lezi na kratkém raménku 11. chromozému a pokrjdash cca 50 kbp.
Sklada se z 10 exéara kéduje vysledny protein o velikosti cca 57 kBaly prvni exon
koduje N-terminalni doménu bohatou na prolin a aghih, ktera je odpawna za
interakci WT1 s RNA a ostatnimi proteiny. C-terniimddoména zajiduje vazbu
k DNA a sklada se ze 4 Cys2His2 zinkovych forgtnichz kazdy je kédovan jednim
exonem od&denym kratkou intronovou sekvenci (Haber, Sohnl.et291) (viz Obr. 3).
Tyto vazebné motivy vykazuji vysoky stupBomologie s doménami zinkovych prst
transkrignich faktoii EGR1, EGR2 (Early growth response 1 a 2) a SP&difgty
Protein 1), £imz souvisi i vazba WT1 k podobnym sekvencim v prmmrech cilovych
geni, které obsahuji specificky GC bohaty motiv (5-GGGGGCG-3’) (Drummond,
Maddenet al.1992; Rauscher, Morrist al. 1990).

WT1 je transkripni faktor a @astni se regulace exprese mnoha cilovychigen
které se podileji na kontrole bimého cyklu, apoptdzy, proliferace, metabolizmu a
diferenciace. Jedna se tiap CSF-1(colony stimulating factor 1) (Harrington, Konicek
et al. 1993), PDGF-A (platelet derived growth factor A) (Gashler, Bawih et al.
1992),IR (insulin receptor) (Menke, Shvarts et al. 199ARa(retinoic acid receptor
alpha) (Goodyer, Dehbi et al. 1995}-MYC (myelocytomatosis viral oncogene
homolog) (Hewitt, Hamada et al. 1999AX-2 (paired box gene 2) (Ryan, Steele-
Perkins et al. 1995¢i BCL-2 (B-cell CLL/lymphoma 2) (Heckman, Mochoet al.
1997) (viz Tabulka 1). Neménvyznamnym cilovym generiVT1 je genSRY (sex
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determining region Y), jenZ je odp&iny za uéeni pohlavi Wasnych fazich vyvoje
organizmu (Hossain and Saunders 2001).

A Organizace genu WT1

Exony Inzert | Inzert |1

B Sstruktura proteinu WT1

k- domény zinkovych prsti ——3|

|e jaderna lokalizace 9{

| 4
!
represni aktivacni :
k& doména | k& doména —3)|

H RNA rozpoz?évaci nl"toti\.r :

|& Pro/Glu- bohatd doména %| T

asociaCni doména

Inzert | KTS Inzert |l

Obr. 3 — Struktura genu a proteinu WT1 (Scholz lkmsichner 2005)

Ve wétSire pripadi WT1 zpisobuje represi genové exprese, pouze vyjimgeji
aktivaci (napiklad WNT-4(wingless-type MMTYV integration site family, menb® ¢i
IGF-2 (insulin-like growth factor 2)). Zajimavé je, Zetialace respektive represe je
zprostedkovana odliSnymi doménami proteinu WT1 (Wang, €iwal. 1993). Krong
téchto cilovych getje WT1 schopen se vazat také ke svému promotoegdovat tak
i vlastni expresi (autoregulace) (Hewitt, Fraigeal. 1996).

Larssoret al.v buik&ch prokazalin vivo kolokalizaci proteinu WT1 s komponenty
sestihového aparatu. iedpoklada se, Ze se jednaidnmmou vazbu skrze N-terminalni
doménu a neni pro niatezita interakce s DNAI RNA, ke které je WT1 schopen se
vazat pomoci zinkovych pistpodobr jako k DNA. WT1 se tedy dastni také
posttranskripnich Uprav primarniho transkriptu cilovych ggiharsson, Charlieet al.
1995) (Caricasole, Duartt al. 1996).

Konkrétni roleWT1 pak zavisi na butném typu, v Bmz je exprimovan, a na

prostedi, ve kterém se hka nachazi. FunkcaVT1l je také modulovana skrze
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posttranskripni modifikace a interakci s ostatnimi proteiny pin&F1 (splicing factor
1), p53 (tumor protein p53), PAR4 (protease-actitateceptor 4) a CBP (CREB-
binding protein) (Maheswaran, Park et al. 1993; htigal, Hirokawa et al. 1998;
Richard, Schumacher et al. 2001; Wang, Lee e8Il R

Vybraneé cilové geny transkripéniho faktoru WT1

Ristové faktory

Amphiregulin(AREG) Colony stimulating factor-{CSF1)
Insulin-like growth factor I(IGF-2) Platelet derived growth factGPpDGF)
Transforming growth factor-beta

(TGFb)

Transkrip éni faktory

Myeloblastosis oncoger{e-Myb) Myelocytomatosis oncogerfe-Myc)
Cyclin E(CCNE) Cyclin G1(CCNG1)

P21 Paired box gene @PAX-2)

Insulin-like growth factor-binding
protein 4(IGFBP-4)

Receptory

Androgen receptofAR) Epidermal growth factor recept(EGFR)
Insulin receptofIR) |(I|‘](-S;L'i|:ll-nF\-)|)lke growth factor 1 receptor
Retinoic acid receptor alp{ARa)

Enzymy

E;Jrrlr:érr};teggheTrESReTr)everse Ornithine decarboxylas@DC)
Komponenty extracelularni matrix

E-cadherinflCDH1) Thrombospondin-{THBS1)
Syndecan-1SCD1)

Ostatni

Wingless-type MMTYV integration
site family, member 4AWNT-4

Erythropoietin(EPO)

B-cell CLL/lymphoma 2ABCL-2)

Tabulka 1 — Vybrané cilové geny transknfho faktoruWT1(Yang, Haret al.2007)

16



1.2.2. Izoformy WT1

Jiz delSi dobu je zndmo, Ze existuje vice nez 38roeth variant genWTL1 Tyto
tzv. izoformy vznikaji jako tisledek alternativnino séstu primarniho transkriptu,
alternativniho z&tku transkripce ifjpadre translace a také editaci RNA (Bruening and
Pelletier 1996; Dallosso, Hancoek al. 2004; Haber, Sohat al. 1991; Hossain, Nixon
et al. 2006; Sharma, Bowmaeat al. 1994). NejvyznamgjSi z €chto Uprav — alternativni
sestih — vede ke vzniku 4 hlavnich izoforem, které iSé giitomnostici absenci dvou
sestihovych oblasti (viz Obr. 3).iBdpoklada se, Ze ostatni izoformy jigstavuji jen
minoritni ¢ast vSech variant geT1

Prvni segihova oblast postihuje cely exon 5 gaMI'l Jedna se o 51-nukleotidovy
usek koédujici 17 aminokyselin, lokalizovany upfedt polypeptidovéhoietizce
vysledného proteinu. Druha séisbva oblast — tzv. KTS inzert - je dlouhd 9 nukigo
a koduje 3 aminokysliny lyzin, threonin a serin fidg Sohret al. 1991). Tento inzert
se nachazi mezi 9. a 10. exonem a jefitomnost vyraznym zZisobem ovliviuje
prostorovou orientaci dvou poslednich matizinkového prstu v ramci C-terminalni
domény WT1. Redpoklada se, Ze tento 3-aminokyselinovy usednimvazebnou
specifitu proteinu WT1 k cilové DNA resp. RNA (Bidore, Ogheneet al. 1992;
Larsson, Charlieet al. 1995; Wang, Qitet al. 1995). Vysledné izoformy maji odliSné,
castén¢ se pekryvajici funkce a liSi se i svou lokalizaci v &mbuniénych
kompartmeni (Davies, Calvicet al. 1998; Ito, Ojiet al. 2006; Larsson, Charlieet al.
1995; Mayo, Wangt al. 1999)

Ve zdravé tkani nachazime stabilni pmm4 hlavnich izoforem WT1
(1:2,5:3,8:8,3 pro izoformy Alexon 5 - / KT$, B[+/-], C[-/+], D[+/+] podle
piitomnosti vySe jmenovanych siésbvych inzent) (Haber, Sohret al. 1991). Nejvice
zastoupena je tedy izoforma D, kter4 obsahuje abarty, zatimco nejméncastou
variantou je nejkratSi izoforma A. OdliSnosti v pm téchto 4 variant zfisobené
defektnim sesthem byly popsany u pacignts Frasierovym syndromem (Barbaux,
Niaudet et al. 1997), Denys-Drashovym syndromentifter, Bruening et al. 1991) a
také u leukémii (Hossain, Nixon et al. 2006), kaooni prsu (Silberstein, Van Horn et
al. 1997)¢i Wilmsova tumoru (Liu, Wangt al. 1999). Tyto a dalSi vysledky poukazuji

na vyznam spravného pem izoforemWT1pro jeho vyslednou funkci.
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Exon 5 +/- izoformy WT1

Je Zejmé, Ze exon 5ipdstavuje dlezitou funkni doménu, ktera sedstni protein-
proteinovych interakci (Wang, Qiet al. 1995). Vyznam této se#iove oblasti
dokladaji i mutace, které postihuji exon 5, a kieméhazime u paciens Wilmsovym
tumorem (Guan, Liet al. 1998)

Podle rkterych gedpoklad funguje exon 5 jako aktivator transkripce. Jebespa
role vSak je&t nebyla identifikovana. Hewitét al. prokazali, Ze varianty genwT1
obsahuijici exon 5 podporuji proliferaci Binzatimco izoformy bez exonu 5 proliferaci
snizuji (Hewitt, Fraizeret al. 1996). Dale bylo zji§ho, Ze exon 5 pozitivni izoformy
maji antiapoptotickou funkci (Mayo, Wangt al. 1999), nicméa v jiné studii byla
prokazana proapoptoticka a tudiz &pe role &chto izoforem (Menke, Shvarest al.
1997).

KTS +/- izoformy WT1

KTS inzert lokalizovany mezi 3. a 4. zinkovym pratdramaticky ovliviuje funkci
vazebné domény. Tato prostorova ¢na zeslabuje vazbu WT1 k DNA a naopak
zvysuje jeho vazebnou afinitu k RNA. (Caricasoleiaeet al. 1996; Hossain, Nixon
et al. 2006; Moorwood, Salpekaat al. 1999; Renshaw, King-Underwoa al. 1997).
KTS pozitivni izoformy maji v jai& specifickou lokalizaci arpdpoklada se, Ze asociuji
s proteiny segihového aparatu, kde se&dastni posttranskrimich Uprav RNA (nap
sestihovy faktor U2AF65) (Davies, Calviet al. 1998; Larsson, Charlieet al. 1995).
WT1 byl také detekovan jako s@ast polyA+ ribonukleoproteinovychtastic
(Ladomery, Slightt al.1999).

Izoformy, které postradaji KTS inzert, se vy&ma podobnou bu&nou distribuci
jako klasické transkrimi faktory (nap. SP1¢i TFIIB (transcription factor 11B)) a
chovaji se tedy spiSe jako transkripregulatory. Tyto izoformy jsou zodp&iné také
za autoregukéni funkci WT1 ((Larsson, Charliewet al. 1995), gehled v (Menke, van
der Ebet al. 1998)).

Spravny ponr KTS pozitivnich a negativnich izoforem je kontrehn pomoci
specifické oblasti, kter4 se nachazi v 9. introhento tzv. cis-element zvySuje vyuziti
alternativniho seihového mista, jez vede ke vzniku variant obsafahi&TS inzert
(Yang and Romaniuk 2008).
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Minoritni izoformy WT1

Kromé 4 vySe zmisnych majoritnich izoforemWT1 byly popsany také dalSi
varianty genuWTL1 Tyto izoformy jsou méh ¢asté, nicméh mohou vyznamnym
zpiasobem ovlivnit funkci vysledného proteinu WT1 -raéna pokud je jejich exprese
oproti ostatnim izoformam patologicky zvySena.

Bruening a Pelletier objevili izoformyWT1, které jsou vyrazh delSi nez vySe
popsané varianty genuNT1l Tyto izoformy vznikaji pouZitim alternativniho
startovaciho kodonu CUG, ktery se nachazi tzv.trepm” a ,inframe* od klasického
AUG kodonu. Takto vytviené variantyWT1 jsou také schopny regulace genové
exprese a lze je detekovat v normalni i malignhitkBruening and Pelletier 1996).

Castji jsou viak zmiované zkracené varianty geliTl AWT1 (alternative WT1
transcript, nebolsWT) ma zachované exony 2 — 10 ale obsahuje odlidnyi gxon -
tzv. exon 1la, ktery se nachazi v oblasti prvnittoonu WT1 Tato zkracend varianta
vede ke vzniku proteinu o velikosti 33 kDa, kteryspadda represivni doméndwT1l
byl detekovan u pacieints Wilmsovym tumorenti leukémiemi (Dallosso, Hancoat
al. 2004), (Hossain, Nixoet al.2006).

DalSim gikladem zkracené varianty je izoforma, ktera paktrarvnich 5 exan
Predpoklada se, Ze vznika jakasiedek vyuziti kryptického promotoru, jenz se natha
v oblasti 5. intronu. Dechsukhuet al tuto izoformu detekovali v b@anych liniich
nadofi prostaty, leukémii a také ve vzorcich padiestleukémiemi (Dechsukhum,
Wareet al.2000), (Dumur, Dechsukhust al.2002).

1.2.3. Role WT1 a jeho izoforem v embryogenezi

WT1 je exprimovan ghem embryogeneze, kdy je naprosto nezbytny provspra
vyvoj urogenitalniho traktu. V prenatalnim vyvopld nachazime expredT1lnag. v
hematopoetickych hikach, slezig, thymu, miSe, branici, epikardu, subepikardalnim
mezenchymuc¢i mozkové tkani (Armstrong, Pritchard-Jone$ al. 1993; Moore,
Mclnneset al. 1999; Moore, Schedit al. 1998). Studie zadiiené na cilenou inaktivaci
WT1 prokazaly abnormality ve vyvojiéthto tkani (Kreidberg, Sariolat al. 1993;
Moore, Mclnnest al. 1999).

ExpresiWTlnachazime také whterych tkanich dosfeho organizmu a to zejména
v hematopoetickych progenitorech, glomerularnicldgoytech, dloze, ovariich ¢i
Sertoliho bukach (Buckler, Pelletieet al. 1991; Wagner, Wagnet al.2003).
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PrestoZze bylo popsano mnoho cilovych wyewTl, které se &astni vyvoje
urogenitalniho traktu, konkrétni &gob, jakymWT1 reguluje tento proces, neni znam.
Jednim z dvoda je nejspiSe vySe zmina existence izoforemVT1 a jejich odlisné
funkce.

Pritomnost a spravna funkd®/T1 je nezbytna viznych stadiich vyvoje ledvin.
Zajimavé je, Ze v zavislosti na konkrétnim stadie, kterém je exprimovan, je tato
funkce pro- respektive antiapoptoticka (Davies, dradry et al. 2004). Pro normalni
urogenitalni vyvoj je pdebny také adekvatni pamvariantWT1 (Barbaux, Niaudeét
al. 1997; Englert, Maheswaraat al. 1997; Hewitt and Saunders 1996; Mayo, Wahg
al. 1999).

Krome vyvoje ledvin jeWT1nezbytny také ip urceni pohlavi plodu, nelfaeguluje
expresi mnoha génodpovdnych za tento proces - rapSRY, MIS(Mdillerian
inhibiting substance)¢i AR (androgenovy receptor) (Hossain and Saunders 2001;
Shimamura, Fraizest al. 1997).

1.2.4. Role WT1 a jeho izoforem v hematopoéze

Vysokou expresi WT1 nachazime u nezralych CD34+ hematopoetickych
progenitofi. S jejich diferenciaci do zralych krevnich Bkrdochazi k poklesu exprese
WT1 (Hosen, Sonodat al. 2002; Maurer, Briegeet al. 1997; Phelan, Lindbergt al.
1994). Podob# jako ve vyvoji ledvin, i v hematopoéze séeqpoklada specificky
acinek WT1 v zavislosti na stadiu lily, ve které je exprimovan. U primitivnich
CD34+CD38- kmenovych bk navozujeWT1 klidovy stav, zatimco ve zralejSich
prekurzorech jiz navozuje zastavu Bémého cyklu a diferenciaci (Ellisen, Carlesso
al. 2001). Loebet al. tuto teorii dophuje a tvrdi, Ze vramci CD34+ bt Ize
identifikovat subpopulace, které se liSi pgam izoforem genMWT1 Mérg zrala stadia
exprimuji vice KTS + variant, zatimco subpopuldderé jiz podstupuji granulocytarni
diferenciaci, exprimuji izoformy bez KTS inzertu ogb, Summerset al. 2003).
Pravdpodobnou tast jednotlivych izoforem na procesu hematopoetiok&yvoje
potvrzuji i studie, podle kterycWT1ovliviiuje proliferaci a diferenciaci myeloidnich a
erytroidnich budk skrze tizné molekularni mechanizmy (Keilholz, Menssenal.
2005).

Konkrétni vyznam jednotlivych izoforem gendT1 a jejich pomdru pro vyvoj

hematopoetickych prekurzaobyl vSak dosud velmi malo studovan. Inaieal. ukazali,
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Ze aberantni exprese izoformy D (+/+) brani gracytkrni diferenciaci. Bkolik
dalSichin vitro studii zandfenych na KTS +/- varianty prokazalo kooperasaihto
izoforem v pfibchu diferenciace hematopoetickych Bkin Vzhledem k nedostatku
relevantnich dat a absenci vhodné metodiky proiwtuegxprese izoforeiVT1 zatim
nelze definovat jejich konkrétni Ulohu v hematopodEllisen, Carlesset al. 2001;
Inoue, Tamaket al.1998; Smith, Weikt al. 1998).

1.2.5. Role WT1 a jeho izoforem v leukemogenezi

Pritchard-Joneet al. jako prvni identifikovali vznik AML v souvislosts inzetni
mutaci v gendWT1u pacienta s WAGR syndromem (Pritchard-Jones, liRemst al.
1994). Nasledovaly mutai studie, které prokazaly vyskyt mutaci v gaMIlu cca
10 — 15 % pacieits AML a v rekterych gipadech takeé jejich asociaci s higpivou
prognézou. Mutace byly nalezeny ve vSech exoneaiu Q§T1 nicmér naprosta
vétSina se vyskytuje ve dvou tzv. ,hot spot* oblabktekteré se nachazeji na 7. a 9.
exonu (viz Obr. 4). Jedna se ¢eg€ji 0 malé inzercei tzv. ,nonsense" mutace, jejichz
vysledkem je defektni protein WT1 (Gaidzik and Dehr2008; Hollink, van den
Heuvel-Eibrinket al. 2009; King-Underwood, Renshaat al. 1996; Paschka, Marcucci
et al. 2008; Virappane, Galet al.2008).

kédujici DNA “ l l_l_ i m_l I _I]_ l |
2 3 4 5 6 7 8 o] 10

exony

|
proteinové domény '
vazebna doména s motivy zinkovych prstd

| mutace
[] oblast wskytu mutaci
l  hotspot

Obr. 4 - Vyskyt mutaci v genT1(Hollink, van den Heuvel-Eibrinkt al.2009)
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U vétSiny AML a dalSich hematologickych malignit nacimae aberantni expresi
genu WT1 (80 — 90% AML a 70 — 90% ALL). Z hlediska kinetiye detekovat
nejvyssi hladinuWT1l pii diagnéze. Po zahajenic¢ley tato hladina rapidnklesa a
v hematologické remisi se pohybuje v rozmezi fymjitké expres&VT1 (Boublikova,
Kalinova et al. 2006; Cilloni, Messa et al. 2008tkd, Kalinova et al. 2002).
Predpoklada se, Ze zvySeni expre¥éll (piipadré jeho izoforem) v pibéhu
leukemogeneze poskytuje itkam prolifer&ni vyhodu, ktera v kombinaci s dalSimi
aberacemi ize vést k maligni transformaci (Nishida, Hosenl.e2@06).

U AML pacienti byla prokadzana signifikantknvysSi hladina exon 5 + izoforem a
KTS + izoforem a to jak ip diagnoze tak i v relapsu (Gu, Hu et al. 2010; e,
King-Underwood et al. 1997; Siehl, Reinwald et a004). Renshawet al. také
poukazali na moZznou variabilitu v pém variant WT1 mezi morfologickymi
podskupinami AML. Zajimavé je, Ze v leukemickychox@ch nachazime zvySenou
expresi zkracené izoformkWT1 (Hossain, Nixoret al. 2006; Ishikawa, Kiyoket al).
Tyto studie vSak poskytly pouze orietnna vysledky (diky jiz zmignym metodickym
nedostatkm) a detailni analyza vyznamu expresniho profillofaeem WT1

v leukemogenezi tak stale chybi.

1.2.6. Vyuziti WT1 a jeho izoforem v l&bé nadorovych onemocsni

Jiz mnoho studii prokazalo, Z&/T1 hraje vyznamnou roli pro proliferaci
nejrizngjSich typi malignit. Tyto vlastnosticini WT1 atraktivni jako prognosticky
faktor, marker pro sledovani MRN a také jako c@ pnunoterapii (Keilholz, Menssen
et al. 2005; Lapillonne, Rennevillet al. 2006; Sugiyama 2001; Trka, Kalinoea al.
2002; Yang, Haret al.2007).

Prognosticky vyznam

Mnoho studii analyzujicich hladinu exprese geNtil u pacieni s nadorovymi
onemocgnimi poukazalo na mozny vyznam této hladiny pratsikaci pacieni do
rizikovych skupin. Tyto studie vSakiipesly kontroverzni a mnohdy protioiné
vysledky. (Barragan, Cervert al. 2004; Cilloni and Saglio 2004; Coosemans, Van
Calsteret al. 2011; Hayashi, Ojiet al. 2012; Lapillonne, Rennevillet al. 2006;
Miyoshi, Andoet al. 2002; Nomdedeu, Hoyast al. 2013; Sotobori, Uedat al. 2006;
Weisser, Kerret al.2005).
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PrestoZe wkteri autdi prokazali silnou korelaci diagnostické hladinypesse genu
WT1s prognézou AML pacieft(Barragan, Cerverat al.2004; Cilloni, Gottardet al.
2002; Cilloni, Gottardiet al. 2003; Inoue, Ogawat al. 1996; Trka, Kalinoveet al.
2002; Weisser, Keret al. 2005), jini tuto souvislost nepotvrdili (HamalameKairisto
et al. 2008; Noronha, Farraat al. 2009; Schmid, Heinzet al. 1997). Zajimavé je, Ze v
n¢kterych gipadech byla prokdzana korelace ifiepvé progndzy s vysokou expresi
WT1 (Lapillonne, Rennevilleet al. 2006; Nomdedeu, Hoyaet al. 2013; Weisser, Kern
et al. 2005), zatimco v jinych studiich i s jeho nizkogmsi (Boublikova, Kalinovat
al. 2006; Miglino, Colombeet al.2011; Rodrigues, Oliveirat al.2007).

Krome¢ diagnostické hladiny byl studovan také prognosticiizznam expres&VT1
v riznych ¢asovych bodech &by (nag. konec indukni faze terapie atd.) ¢p
s podobg kontroverznimi vysledky (Cilloni, Messat al. 2008; Gaiger, Linnertlet al.
1999; Gianfaldoni, Mannelkt al.2010; Nomdedeu, Hoyas al.2013).

V posledni dob se objevily také studie, které se zabyvaly protagnm
vyznamem ped- respektive potransplanta hladiny genuWT1 u pacieni s AML.
Zejména u této skupiny paciénje WT1 nékterymi autory povazovan za slibny
stratifikatni marker (Jacobsohn, Teeal.2009; Zhao, Jiret al. 2012). Rozséhlé studie
potvrzujici tento fenomén vsak chybi.

Prognosticky vyznam izoforem geliT1nebyl doposud detaitji studovan.

Sledovani MRN

Sledovani MRNili zbytkové populace leukemickych btky kterd fistava v éle
pacienta i pes intenzivni chemoterapii, umage zhodnoceni odp&di na l&€bu a také
véasné odhaleni bliziciho se relapsu leukémie. Hiad¥RN po zahajeni &by
piedstavuje nejvyznamdjsi prognosticky faktor umaibijici stratifikaci pacierit a
piipadnou intenzifikaci jejich y.

Jiz prvotni studie zabyvajici se vyznamem expMBEL v pribéhu letby a jeho
moznym vyuzitim jako markeru MRN ukazaly, Ze hladexprese genWT1 koreluje
s ptibchem &by pacieni s AML (Cilloni, Gottardi et al. 2002; Cilloni and Saglio
2004) (Kreuzer, Saborowslat al. 2001; Nomdedeu, Hoyost al. 2013; Sugiyama
2002). Z hlediska potencialWT1 pro sledovani MRN u AML se vysledkychto
publikaci ot liSi, nicmér vétSina autol i presto povazujeNT1 za slibny marker

MRN alespé u vybranych podskupin paciéntV problematice sledovani MRN u
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détské AML navic stale chybi rozsahlé prospektivnidst, které by definitivé

stanovily vyznam genWT1pro tento del.

Imunoterapie

Vzhledem k vysoké expresi mMRNA respektive protéiklil, kterou nachazime u
leukémii a solidnich nadbr Ize gedpokladat, Ze by WT1 mohl pét mezi tzv.
antigeny asociované s nadory (TAA - tumor assodiabtetigen) a mohl tedy slouzit
k navozeni protinadorové imunitni odgol. Jiz prvotni studie potvrdily schopnost
kratkych polypeptid odvozenych z proteinu WT1 indukovat WT1-specifické
cytotoxické T-lymfocyty (CTLs). Tyto CTLs navozuppoptézu v leukemickych
blastech bez negativniho vedlejSikanku na zdravé hematopoetické prekurzory, které
exprimuji WT1 (Gaiger, Rees&t al. 2000; Oka, Elisseevet al. 2000; Oka, Tsuboet
al. 2004; Oka, Udakat al. 2000; Rezvani, Brenchlegt al. 2005; Tsuboi, Okaet al.
2000).

Proti malignim bikam exprimujicim WT1 lze navodit také humoralni mitni
odpovd. Wu et al. prokazali existenci humoralni Thl lymfocyty zptestkované
odpowdi proti WT1, neb6 detekovali WT1 specifické protilatky u paciéns
leukémiemi a MDS (Wu, Okat al.2005).

Z metodologického hlediska existujeékolik pristupi, které Ize ve WT1-specifické
imunoterapii vyuzZitEx vivomazeme pipravit a expandovat WT1 specifické imunitni
buiky pacienta (T-lymfocyty Ppadré dendritické biiky) a poté je aplikovat 2p do
jeho €la. Tento pistup vSak vyZzadujex vivomanipulaci s hematopoetickymiidkami
pacienti. Druhy gistup vyuZivan vivo stimulaci B a T lymfocyt pomoci syntetického
polypeptidu WT1. Tato vakcinace ma své limitacehatiepo opakovaném podani uz
nedochazi k expanzi WT1 specifickych lymfacydiz pilotni studie vSak potvrdily, Ze i
tato koncentrace je dostaté proin vivo navozeni antileukemickéha@igku. (Maslak,
Daoet al. 2010; Oka, Tsubcet al. 2006; Oka, Tsubcet al. 2004; Sundarasetty, Singh
et al.2013).

Potencial antileukemické terapie s vyuZzitiMTl neni omezen jen na stimulaci
imunitni odpo¥di. Predpokladdme-li onkogenntiek genuWT1, mize cilené snizeni
jeho aberantni exprese vést k poklesu proliferaded# redukci malignich buk.
Snizeni expres&/T1lze dosahnoutdkolika riznymi gistupy. PouZziti SIRNA se jevi
jako nejvhodgjSi metoda, nelibbylo prokazano, Ze tato kratka sekvence RNA je

schopna &pit MRNA WT1pouze v bitkach s aberan&wvysokou expresi tohoto genu a
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tedy bez negativniho¢inku na zdravé hematopoetické prekurzory (Daviesjdmery

et al. 2004; Elmaagacli, Koldehoft al. 2005). DalSi metody cileného snizZeni hladiny
WT1zahrnuji nap pouziti tzv. ,antisense” oligonukleofidi ,hammerhead” ribozyrin
omezeny pouze na experimenty vitro (Hubinger, Schmidet al. 2001; Yamagami,
Sugiyameet al. 1996).

V souwtasné dob se mnoho pracovnich skupin zabyva vyvojem vakaiati p
malignim buikam nejtzn¢jSiho pivodu, které exprimujiwTl Stale vSak chybi
rozsahlejsi klinické studie, které by definittvnzhodnotily potencidl WT1
v protinddorové imunoterapii.
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2. Vymezeni citi a zakladni hypotézy prace

1. Navrzeni, optimalizace a verifikace unikatniho gPCR systému
umoziujiciho detekci a kvantifikaci 4 hlavnich izoforemgenuWT1.

2. Stanoveni expresniho profilu izoforem genWT1 ve vzorcich leukemickych
linii, diagnostickych vzorcich détskych a dosglych AML, MDS a také
zdravych kontrolnich KD a PK.

3. Definitivni stanoveni prognostického vyznamu iniciéni hladiny genuWT1 u
détské AML na zakladé analyzy rozsahlého souboru pacielit v ramci
mezinarodni pracovni skupiny ,European Study Groupon WT1 Expression
in Childhood Acute Myeloid Leukemia“.

4. Korelace vysledki (body 2 a 3) simunofenotypem, genotypem, FAB
klasifikaci, klinickym pr ibéhem a vysledky |€by.

5. Mutaéni analyza reprezentativniho souboru pacieni s détskou AML.
Korelace mutatniho stavu genuWT1 s hladinou jeho exprese. Stanoveni
vyznamu téchto mutaci pro detekci mRNA WT1 pripadné navrzeni
alternativnich detekénich systémii lokalizovanych mimo oblasti stastym

vyskytem mutaci.

6. Analyza parovych diagnostickych vzorli KD a PK détskych pacienti s
AML. Stanoveni vyznamu PK pro sledovani MRN u dtské AML pomoci

kvantifikace genuWT 1.
7. Analyza prognostického vyznamu ped- a potransplanta&ni hladiny exprese
genuWT1 a jeho vyznam pro sledovani MRN u transplantovanylt détskych

pacienti s AML

8. Srovnani hladin mRNA a proteinu WT1 v zékladnich henatopoetickych
subpopulacich zdravé KD a vybranych bugénych liniich.
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9. Stanoveni diferencialé diagnostického algoritmu pro RC MDS s vyuZzitim

kvantifikace genuWT1.
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3. Material a metody

3.1. Vzorky pacienta s leukémiemi a zdravych kontrol

V ramci analyzy expresniho profilu izoforewT1 jsme zpracovali vzorky KX
PK pacienk s AML a dalSimi hematologickymi malignitami. V dygovaném souboru
bylo zahrnuto 73 pacieints dgtskou AML, I&enych v centrech Pracovni skupiny pro
détskou hematologii (PSDHCR) a University Hospital Jena (Jenagnhecko); 20
détskych MDS a 9 AA léenych na stejnych pracovistich a také 30 dgsp AML a 29
dosglych MDS I&enych v Ustavu hematologie a krevni transfuze (UHRfhaCR).
Material byl zpracovan v souladu s informovanymbdasem pacieit jejichz zakladni
charakteristika je shrnuta v Tabulce 2. Pro stanbfyeiologickych hladin gendvT1la
jeho izoforem jsme pouzili 23 kontrolnich KD a PKlravych daré ¢i pacienti
s leukémii v dlouhodobé kompletni remisi.

Rozséahla kohorta paciéns ditskou AML ziskana v rdmci mezinarodni spoluprace
zahrnovala 211 paciehtlésenych v centrech PSDHCR), University Hospital Jena
(Jena, Nmecko), Hospital for Children and Adolescents Rrankfurt, NNmecko) a
Pediatric Clinic, University Milan Bicocca (Monzaltalie). Kontrolni kohortu
predstavoval soubor 47 vzdrkedravych KD. V rdmci tét@asti studie jsme provedli
také analyzu mutamiho stavu genWT1 na souboru 91 paciens AML létenych ve
stejnych centrech.

Potencial PK v detekci MRN pomoci expre$¥T1 byl stanoven analyzou
diagnostickych parovych vzoikKD a PK 90 pacierit s cgtskou AML, I&enych
v centrech PSDH (viz Tabulka Zilehy 2).

Klinicky vyznam exprese genWT1u transplantovanych paciéns ctskou AML
byl stanoven na souboru 20 pacietécenych v centrech PSDH a na transplamia
jednotce kliniky dtské hematologie a onkologie FN Motol (KDHO).

V ¢asti projektu, kterd seémuje srovnani mRNA a proteinu WT1, byla provedena
detekce proteinu WT1 v sortovanych subpopulacich n€Bpektive PK 18 zdravych
kontrol.

Testovani diferencidéndiagnostického algoritmu pro pacienty s RC MDS gsm
provedli na soboru vzotkKD 67 ditskych paciernit (31 AA, 29 RC, 6 RAEB a také 1
JMML).
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AML Detske Dospéle
Pocet pacientu 73 30
MiZ 35738 13017
WEk - median (rozmezi) [roky] 11 (0 - 18) S0 (19 -72)
Subtypy: MO 2 2
W1 10 2
M2 19 10
M3 8 3
M4 18 10
WS 14 2
W& 0 1
W7 2 0
Mol. aberace: t(15;17) PML-RARa 8 3
ti&:21) AML1-ETO 6 1
inw (16} MYH11-CBFb 11 2
t(11g23) MLL prestavby 13 0
FLT3-MD O 13

Lécebny protokol

ANL-BFM 93 a 2004

narodni protokol

Rizikoveé skupiny: standardni 30 g
stredni M, 20
vysoke 43 2
Followe-up - median (rozmezi) [mésice] 47 (1 -173) g (1-21)
Relaps 24 12
Exitus - leukémie 25 12
ostatni priciny 0 0
MDS Detske Dospele
Pocet pacientu 20 259
MiZ 1248 18M1
Wek - median (rozmezi) [roky] 10(1-19) 68 (48 — 89)
Subtypy. RC/RA 13 4
RARS 0 10
RCKD 0 10
RAEB G 5
JHKL 1 0
Lécebny protokol EWOG-MDS 1958 and narodni protokol
2006
Followe-up - median (rozmezi) [mésice] 2301 -203) 15 (2-158)
Progrese do AML 2 2
Exitus - MDS/AKML 3 6
ostatni priciny 0 0
Al Detske Dospele
Pocet pacientu 9 -
MIZ o/4 -
Wek - median (rozmezi) [roky] 13 (1= 18) -
Followe-up - median (rozmezi) [mésice] 18 (5-32) -
Ewituz - A4 0 -
ostatni priciny 0 -

Tabulka 2 — Charakteristika paciér@nalyzovanych v hlavigasti dizertani prace -

Stanoveni expresniho profilu izoforaMr 1
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3.2. Leukemicke linie

Pro navrZzeni a optimalizaci unikatniho systému ladetea kvantifikace izoforem
WT1jsme pouzili vzorky leukemickych linii (Kasumi-iB-4, MV4;11, K562, RS4;11,
REH, NALM6, UOCBG6, Jurkat, SUPB15, TOM-1). V ramsiovnani hladiny genu
WT1na urovni mRNA a proteinu byly zpracovany takédigerminalnich nadérvarlat
(TGCTs — testicular germ cell tumors) - NCCIT, Nfee2 a TCam.

Leukemické linie jsme obdrzeli z DSMZ (Human anuirAal Cell Lines Database,
Némecko). Linie UOCB6 byla ziskana od Dr. Kiigjo (Massachusetts General
Hospital, Boston, USA). Linie testikularnich nadlddCCIT a NTerra-2 jsme zakoupili
z ATCC (American Type Culture Collection, USA). Banou linii TCam se nam

poddilo ziskat od Dr. Looijengy (Erasmus University,tRodam, Holanadsko).

3.3. Zpracovani vzorku
Vzorky KD ¢i PK pacient resp. zdravych kontrol byly odebrany do sterilnich

zkumavek s antikoagulancii, transportovany do latwira poté ihned zpracovany.

3.3.1. Izolace mononukleérnich burék

Centrifugaci v sachar6zovém gradientu (Ficoll-Padreseasrch Grade, Pharma
Tech, New Jersey, USA) jsme ze vzorku izolovali owrklearni biiky. Ve
vysledném hustotnim gradientu tato frakéedstavuje prstenec btky ktery se nachazi
mezi fazi krevni plazmy a cukerného roztoku.nBu promyté v PBS (Phosphate
Buffered Saline; Iékarna FN Motol, Pral@2R) byly skladovany v mrazicich boxechi p
teplot - 80°C.

3.3.2. I1zolace nukleovych kyselin

RNA jsme ze zamraZzenych hiknizolovali pomoci modifikované metody podle
Chomczynského a Sacchi (Chomczynski and Sacchi)1@®7adré pomoci RNeasy
Mini kitu (Qiagen GmbH, Hilden, Bmecko) dle navodu vyrobce. Kvalita a koncentrace
vysledné RNA byla kontrolovana pomoci spektrofotomne NanoDrop
(ThermoScientific, Wilmington, USA) fijpadreé kapilarni elektroforézou s vyuzitim
Cipové technologie — Agilent 2100 Bioanalyzer (AgileTechnologies, Santa Clara,
USA).
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Pro mut&ni analyzu jsme ze vzaikizolovali také deoxyribonukleovou kyselinu
(DNA) pomoci DNA blood kitu (Qiagen GmbH, Hilden, éiecko). Kvalitu a

koncentraci vysledné DNA jsme &pkontrolovali spektrofotometricky.

3.3.3. Reverzni transkripce

RNA ve vychozim mnozstvi g byla gepsana do cDNA pomoci kitu iScript
(BioRad, Hercules, USA), jenz vyuziva schopnostdifikované reverzni transkriptazy
MMLV syntetizovat komplementarni DNA k templatovémetézci RNA za pouziti

oligo(dT) a nahodnych hexamerovych prifher

3.3.4. PCR

Pro pipravu plazmidovych konstrukt jsme pouzili metodu kvalitativni
polymerazové&etzove reakce (PCR), ktera nam umoznila amplifikdoukdého Gseku
genuWT1 (exon 4 — exon 10), jenZ byl naslédviozen do plazmidového vektoru a
zpracovan dle protokolu pro molekularni klonovanz ize).

Pro amplifikaci templatové cDNA bylatipravena reakni snts s nasledujicicm
slozenim: polymeraza AmpliTagGold (1,25 Ugetre odpovidajiciho pufru (Life
Technologies, Carlsbad, USA), dNTPs (deoxyribonotitly) (200 uM) (Life
Technologies, Carlsbad, USA), MgCl(chlorid hdecnaty) (2,5 mM) (Life
Technologies, Carlsbad, USA), primery ohtafici poZzadovanou oblast (200 nM
kazdého primeru; Fwd (exon4): 5'GAATCAGATGAACTTAGGHIC3,, Rvs
(exon 10): 5TGTGATGGCGGACTAATTCATS3'), cDNA (10% mu po reverzni
transkripci (RT)) a sterilni vodu. PCR reakce phatbd v fistroji 2720 Thermal Cycler
(Life Technologies, Carlsbad, USA) za nésledujicieakinich podminek: 10 min
aktivace polymerazyip95°C, 35 cykh skladajicich se z 30 s denaturaéedd°C, 30 s
tzv. ,annealing” (nasedani primigrpii 62°C a 30 s amplifikaceip72°C. PCR reakce
byla zakogena 10-minutovou finalni amplifikackipr2°C.

Princip kvalitativni PCR byl vyuZit také pro stamoy mut&niho stavu gendWT1l
(viz nize). Vysledné PCR produkty jsme elektrofimlgt separovali na 2% agar6zovem
gelu (UltraPure Agarose; Life Technologies, Carkb&SA) gipadré kapilarni
elektroforézou (Agilent 2100 bioanalyzer, Agilereachnologies, Santa Clara, USA) pro
zjisteni nespecifickych amplifikaci. Pomoci velikostnilstandardu byla stanovena
jejich délka.
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3.3.5.gPCR
Detekce celkové exprese genu WT1

Pro stanoveni exprese gelT1 a kontrolniho gentABL (Abelson gene) byla
pouzita metoda qPCR (real-time quantitative polyaserchain reaction) (Boublikova,
Kalinova et al. 2006). Reatni snmés obsahovala tyto slozky: 2x Universal Master Mix
(Life Technologies, Carlsbad, USA), forward a reeeprimery (300 nM kazdého),
detekni sonda proABL respektive WT1 s fluorescetni zna&kou 6FAM (6-
carboxyfluorescein) a zh&&sn TAMRA (tetramethylrhodamine) (200 nM), cDNA
(10% RT mixu) a sterilni voda. Sekvence prither sond jsou uvedeny v Tabulce 2
Prilohy 1. PCR reakce probihala ve dvaispojich — LightCycler 480 (Roche, Basel,
Svycarsko) a Applied Biosystems 7500 Fast Real-TiRER System (Life
Technologies, Carlsbad, USA) s nasledujicimi gaéki podminkami: 2 min 50°C; 10
min 95°C a 50 cyki skladajicich se z 15 $i®5°C a 60 s ) 60°C.

Reakce stanovujici pet kopii MRNAWT1byla provedena v triplikatu, reakce pro
ABL v duplikatu. Konkrétni p&et kopii pro dany gen byl stanoven na zaklagpaoctu
analyz&niho softwaru fistroje, jenZ vychazi z paramistandardni kvky kalibratort.
Pro genABL jsme pouZili komemi kalibratory (Qiagen GmbH, Hilden, ¢fecko)
zatimco pro genWT1 jsme pouZili nami ppravené plazmidy se zaklonovanymi
fragmentyWTL1

Vysledny pd@et kopii WT1 byl normalizovan ke kontrolnimu genABL dle
nasledujiciho vyp&iu (WT1NCN (normalised copy number)).

pocet kopii WT1 x 10000
pocet kopii ABL

WT1 (NCN) =

GenABL byl vybran jako dostate¢ stabilni tzv. ,housekeeping” gen pro analyzu
jak leukemickych vzonk a zdravych kontrol tak i sortovanych subpopuladnptlivych
stadii krvetvorby.

Pro stanoveni hladiny exprese geWlrl v ramci mezinarodni spoluprace jsme
pouzili odliSny gPCR systém publikovany Dr. Willagm. Reaéni snes v tomto
piipact obsahovala 2x Universal Master Mix (Life Technoésy Carlsbad, USA),
forward a reverse primery (250 nM pro gaff1;, 300 nM pro gerABL), fluorescering
znaenou sondu prédBL (200 nM) respektivéVT1 (100 nM), cDNA (10% RT mixu) a
sterilni vodu. Sekvence primiea sond viz (Willasch, Gruhn et al. 2009). Reakgla b
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provedena vzdy v duplikatu natigtroji iCycler 1Q (BioRad, Hercules, USA) s
reakknimi podminkami stejnymi jako wedchozim fipac. Pro uteni vychoziho
poctu kopii ABL aWT1jsme pouzili kalibratoryéchto gerd, vyrobené v nasSi laborato
(WT1J) nebo ziskané z laboraDr. CazzanigyABL).

Detekce exprese izoforem genu WT1

Navrzeni a optimalizace detekho systému umaiijiciho kvantifikaci izoforem
genuWT1je problematické, nelvodélka amplifikovaného Useku (cca 460 bp) vygazn
piesahuje amplikonydizné pouzivanych gPCR systémlednou z dalSich komplikaci je
také sekvetni homologie KTS + a KTS - variant gentT1 Fi vyvoji takto
komplikované metodiky jsme pouzilékolik ptistupi, diky nimz se nam pod& vySe
zmirgné problémy pekonat. Krond riznych PCR mi¥ a enzyni jsme testovali také
nejrizngjSi typy primet véetrg primeii se zavedenymi tzv. ,mismatch” nukleotidy atd.

Pro dosaZeni co nejvysSi specificity a senzitigiggtému jsme pouzili tzv. ,touch-
down“ typ amplifikace, kdy dochazi v prvnich cykhedCR k velmi specifické
amplifikaci daného produktu tip vysSi teplot a nasledé k maximalg inné
amplifikaci produktu i optimalnich, nizSich teplotach.

Reakni smés obsahovala polymerazu Fast Start Taq (1 d¢tn¢ odpovidajiciho
pufru (Roche, Basel, Svycarsko), dNTPs (800 uMlIife(LTechnologies, Carlsbad,
USA), MgCh (2 mmol) (Life Technologies, Carlsbad, USA), pritmezdy ohraniujici
pozadovanou oblast pro kazdou izoforrdl'l (600 nM), fluoresceiné znaenou
sondu stejnou pro v3echny izoforrdyT1 (200 nM), cDNA (10% mixu RT) a sterilni
vodu. Sekvence navrzenych pririer sond jsou uvedeny v Tabulce @léhy 1. PCR
reakce probihala z&dhto podminek: 2 min 50°C; 10 min 95°C, 10 d¢ykbuch down
(15 s 95°C a 60 sip67 — 62,5 °C). Nasledovalo 40 standardnichicills s 95°C a 60 s
62°C).

Pro kvantifikaci izoforemWT1jsme pouzili dva typy iistroji - Applied Biosystems
7500 Fast Real-Time PCR System (Life Technologiss]sbad, USA) a LightCycler
480 (Roche, Basel, Svycarsko). Reakce pro viechagfdrmy byly vzdy provedeny
v triplikatu. Vzorek byl hodnocen jako pozitivni lpad alespa jedna reakce z triplikatu
byla pozitivni, zatimco negativni vzorek byl negative vSech replikatech. Expresni
vzorec variant genWT1 byl vyjaden jako ponar jednotlivych izoforem w¢i jejich

~

SOLWEtU.
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Detekce exon 5 +/- a KTS +/- izoforem genu WT1

Alternativni metodikou pro kvantifikaci exprese faem WT1 je systém, ktery
detekuje zvlas exon 5 +/- respektive KTS +/- izoformy. Reak snmési konkrétnich
reakci obsahovaly 2x Universal Master Mix (Life Taologies, Carlsbad, USA),
primery (300 nM) a fluoresceéné¢ znaenou sondu (200nM) navrzené tak, aby
detekovaly vzdy fitomnost¢i absenci jednoho z inzért cODNA (10% RT mixu) a
sterilni vodu. Sekvence primiera sond viz Tabulka 2tifohy 1. Pro tento zjsob
kvantifikace izoforemWT1 jsme pouzili pistroje LightCycler 480 (Roche, Basel,
Svycarsko) a Applied Biosystems 7500 Fast Real-TiRER System (Life
Technologies, Carlsbad, USA). Reénk podminky byly identické jako wipack
amplifikace celkového gendyT1resp.ABL.

Vysledny pondr jednotlivych variant jsme ziskali vynasobenimttakziskanych
dilcich pongra vaci soké. Vynasobenim (exon 5 -) x (KTS -) tak ziskdme nsitnviz
izoformy A; (exon 5 +) x (KTS -) odpovida izofoénB; (exon 5 -) x (KTS +) izoforgh
C a(exon 5 +) x (KTS +) izofor&D.

3.3.6. Kapilarni elektroforéza a fragmenta¢ni analyza - GeneScan

Unikatni metodu kvantifikace izoforem genWT1 pomoci gPCR jsme oiili
refereni semikvantitativni metodou publikovanou pracowkiupinou Dr. Kruga.
Jedna se o kvalitativni PCR v kombinaci s kapilaetektroforézou a naslednou
fragmenté&ni analyzou. V ramci této metody byl Usek gahll (exon 4 — exon 10)
amplifikovan pomoci forward a reverse pririnez nichz jeden je fluorescem znaeny
(sekvence priméra metodika viz (Krug, Yasmeeat al.2009)).

PCR produkty jsme nasleginseparovali pomoci kapilarni elektroforézy a
fragmenté&ni analyzou jsme zjistili délku a koncentraci jetlngch fragmeni

odpovidajicich konkrétnim izoformawT1

3.4. Péstovani leukemickych linii

Leukemické linie Kasumi-1, NB-4, MV4;11, K562, R%4; REH, NALMS6,
UOCBS6 a testikularni linie TCam jsmegtovali v kultiva&nim médiu RPMI1640 (Life
technologies, Carlsbad, USA) s 10% fetalnim sérdBS] (Life technologies,
Carlsbad, USA) a antibiotiky (Life Technologies, riShad, USA). Adherentni linie
testikularnich nadarbyly kultivovany v médiich RPMI1640 ATCC Modifidgan (Life
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technologies, Carlsbad, USA) vipadc NCCIT a McCoy's 5A (ATCC, Manassas,
USA) v pripact NTerra2. VeSkeré butiné linie byly gstovany v kultivatorech s 5 %
CO, (HERACcell 150 CQ (ThermoScientific, Wilmington, USA).

3.5. Klonovani

Plazmidové kalibratory pro kvantifikaci gelWT1 a jeho jednotlivych izoforem
byly piipraveny pomoci TOPO TA Cloning kitu (Life Techngles, Carlsbad, USA).
Kalibratory pro kvantifikaci genABL jsme ziskali z laborate Dr. Cazzanigy, kde byly
vytvoieny vlozenim Useku gendBL do Phosphorodiamidate morpholino oligomers
(PMOS) vektoru (Amersham-Pharmacia, Buckinghamshiedka Britanie).

Pro gipravu kalibratot WT1lizoforem jsme do PCR 2.1/4.0 TOPO vektoru vlozili
usek genuNT1amplifikovany pomoci PCR reakce s primery lokalaoymi v oblasti
exonu 4 a 10, tak aby pokryval vSechny 4 izofoiy1l Takto gipravenym vektorem
jsme pomoci tepelného Soku transfekovali kompetehtiiky E. Coli, které byly
nasledg vysety na odpovidajici selak pidy InMedia AmpBlue (Life Technologies,
Carlsbad, USA). Vybrané kolonie obsahuijici vektglozenym Usekem genWT1byly
namnoZzeny v LB médiu (Luria Broth Base; Life Teclugies, Carlsbad, USA). Pomoci
PCR s primery M13 (bakteriofag M13), jejichz seksienbsahuje PCR 2.1 TOPO
vektor, a naslednou sekveéna analyzou byly vybrany 4 klony, které obsahovatdy
jednu z izoforemWT1 Masivni amplifikaci &chto bur¢nych klorm jsme gipravili
zasobni aliquoty plazmid Pro izolaci plazmidové DNA z transfekovanych &ujsme
pouzili MiniPrep DNA plasmid kit (Qiagen GmbH, Héd, Nemecko). Koncentrace
plazmidi byla owiena spektrofotometricky.

Z takto vytvaenych plazmid jsme gipravili standardnitedici fady kalibrato#
obsahuijici izoformu A, B, Gi D v mnoZstvi 1x18 1x1¢, 1x1F, 1x1F a 1x13 kopif
na 5 ul. Plazmidovou DNA jsme vzdyedili do cizorodé DNA, ktera umagje
zachovani firozeného genetického pozadi ve vzorku (Salmonnsp@NA; Sigma-
Aldrich, St. Louis, USA).

Timto postupem byly fipraveny jak WT1 kalibratory pouzivané v ramci
standardizované metodiky detek@éT1l (Willasch, Gruhn et al. 2009) takWT1
kvantifikatory pouzivané v metodice MUDr. BoublikkoyBoublikova, Kalinoveet al.
2006) a takée Kkalibratory pro kvantifikaci izoforedvT1l V poslednich dvou

jmenovanych fipadech byly plazmidy fpd @ipravou dil&nich fad linearizovany
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pomoci restrikni endonukledzy FastDigest EcoRI (ThermoScientitiiimington,
USA).

3.6. Mutacéni analyza

Analyza mutaniho stavu genuWTL1 pacienit s AML byla provedena v ramci
mezinarodni pracovni skupiny European Study Graug/d 1 Expression in Childhood
AML. Pro muta&ni analyzu vSech exénna DNA resp. cDNA arovni 91 paciént
s AML jsme pouzili metodiky, které publikovaly Diollink (Hollink, van den Heuvel-
Eibrink et al.2009) a Dr. Gaidzik (Gaidzik, Schlewk al.2009). Ok tyto metody jsou
z hlediska muténi analyzy genWT1srovnatelné.

Produkty sekvetnich reakci byly fecisStény pomoci MiniElute PCR Purification kit
(Qiagen GmbH, Hilden, &mecko), sekvenovany naigtroji ABI PRISM 310 Genetic
Analyzer (Life Technologies, Carlsbad, USA) a amalsdny v softwaru Mutation
Surveyor (SoftGenetics, State College, USA). Vyklegsme korelovali s celkovou
hladinou exprese gerlyT1 detekovanou pomoci gPCR systému pouZzivaného vi ramc
mezinarodni spoluprace adasti pacient také systémem lokalizovanym do oblasti
exonu 1 a 2, tedy mimo oblasistého vyskytu mutaci (Gottardi E 2005).

3.7. Detekce proteinu WT1

Detekce proteinu WT1 pat z metodického hlediska k obti&gim technikam
vzhledem knizké koncentraci proteinu WT1 a to Zjen v Klinickych
vzorcich pacierit i zdravych kontrol. K detekci proteinu WT1 Ize wu
imunohistochemii (IHC), imunofluoresc&mi mikroskopii (IFM), pfitokovou
cytometrii (PC) a Western blot. V rdmci této stubidy pouzity metody IFM, PC a
Western blot.

Imunofluoresceini detekce proteinu WT1

V sortovanych bugtnych populacich jsme protein WT1 detekovali metote.
Priblizn¢ 10 000 busk od kazdé populace jsme pomoci cytospinu nanaspadlozni
sklicko, nasleda fixovali 3% paraformaldehydem (Sigma-Aldrich, &buis, USA),
fixovali 0,1% Tritonem X-100/PBS a blokovali 81 0,05% Tween-20 (BioRad,
Hercules, USA) a 5% BSA (Carl Roth GmbH, KarlsruhEmecko) v PBS. Krai
monoklonalni protilatka anti-wT1 (1:20; EP1131Y,\Wis Biologicals, Littleton, USA)
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byla pouzita jako primarni protilatka (60 miti 37°C). Pro sekundarni z¥eni jsme
zvolili protilatku Alexa Fluor 488 (goat anti ralbpbil : 1000; Life technologies,
Carlsbad, USA). Fluorescém znaeni jader analyzovanych btkn jsme provedli
barvenim DAPI/PBS (Sigma-Aldrich, St. Louis, USAunky byly analyzovany pod
fluorescenim mikroskopem (Nikon TE2000E, Nikon, Tokyo, Jagkm).

Uginnost nami pouzivané primarni protilatky jsme daliali analyzou proteinu
WT1 vySe popsanou metodou za pouziti &&jbji pouzivané mysi protilatky anti-wT1
(6F-H2, Dako, Glostrup, Dansko).

Detekce proteinu WT1 pomociifmkove cytometrie

V kontrolnich vzorcich KD a PK byla exprese proteidVT1l stanovena také
pomoci pfitokové cytometrie. Biky promyté v PBS jsme ndgjde oznéili
protilatkami proti povrchovym antigém lymfoidnich a myeloidnich bwk. Potom
jsme je preparovali pomoci kitu Fix and Perm (Fixl #erm Catlag kit; An Der Group
Bioresearch, Kaumberg, Rakousko) a inkubovali gnat primarni a sekundarni
protilatkou proti WT1 jako $ IFM detekci proteinu WT1 (primarni fecéni 1 : 2,
sekundéarni 1 : 10). Vzorky byly poté ihned analy@oy na pistroji LSR Il (BD, San
José, USA).

Detekce proteinu WT1 pomoci Western Blotu

V ramci této metody byl z inicidlni suspenze &urptipraven proteinovy lyzat.
K buikam promytym vychlazenym PBS jsm#dali lyzatni RIPA pufr s nasledujicim
slozenim - NaF (Fluorid sodny), N&O, (ortovanadat sodny) PMSF
(Phenylmethylsulfonyl fluorid), inhibitor proteaz7X komplete), MgCGl (chlorid
hotecnaty) a lyz&ni pufr (Triton-X-100, SDS (sodiumdodecylsulfat), DEA
(ethylenediamine  tetraacetic  acid), NacCl (chlorid odrsy),  Tris-HCI
(tris(hydroxymethyl)aminomethane a kyselina chlaikovd). Po fidani RIPA pufru
jsme buiky cca 10 s sonikovali (Model 150VT Ultrasonic Haogeaizer, Biologics,
Inc., Manassas, USA), it a vysledny supernatant skladovali v - 80°C. kentrace
takto gipravenych proteinovych lyzatbyla stanovena pomoci DC Protein Assay
(BioRad,Hercules,USA). Na zakladrypotitaného mnoZzstvi jsmefipravili nanaseci
smeés vzorku obsahujici stabilizujici ,sample bufferstacking buffer (viz nize),
glycerol, SDS, 2-Mercaptoethanol, Brompehenol Biuge Sigma-Aldrich, St. Louis,
USA), a dHO.
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Vzorky wetrg velikostniho standardu byly separovany na 10%aglalffamidovém
gelu. Separni gel o slozeni — TrisBase (BioRad, Hercules, US3DS (Sigma-
Aldrich, St. Louis, USA), HCI, akrylamide stock (BRad, Hercules, USA), TEMED
(BioRad, Hercules, USA), APS (Ammonium persulfaggma-Aldrich, St. Louis,
USA) a dHO byl po ztuhnuti fevrstven ridSim zaosbvacim gelem a zalit
odpovidajicim pufrem (TrisBase (BioRad, HerculeSA), Glycin (Sigma-Aldrich, St.
Louis, USA), SDS (Sigma-Aldrich, St. Louis, USAlH,O). Polyakrylamidova gelova
elektroforéza (PAGE) pr@hla na aparate Power PAC 200 (BioRad, Hercules, USA).
Proteiny rozdlené podle své velikosti byly poté z geltepeseny na nitrocelul6zovou
membranu (BioRad, Hercules, USA) pomoci iBlot 7-M Blotting System (Life
technologies, Carlsbad, USA). Membranu s navazanpnoteiny jsme nasledn
blokovali 1 hod 5% roztokem mléka (BioRad, HerculgSA) v PBS-Tween a poté
inkubovali ges noc v primarni kr&i monoklonalni protilatce anti-WT1 (Novus
Biologicals, EP1131Y, Novus Biologicals, LittletokiSA) v koncentraci 1 : 2000.
Nasledujici den jsme membranu promyli v PBS-Tweeimkaibovali se sekundarni
protilatkou (goat anti-rabbit; BioRad, Hercules, A)JSv 1 % roztoku mléka v PBS-
Tween. Pro vizualizaci navazané protilatky jsme Ziou Immun-Star AP
Chemiluminescence kit (BioRad, Hercules, USA). ¥gslA chemiluminiscence byla
zachycena na stlocivém filmu, ktery byl nasledhvyvolan na pistroji OptiMax X-ray
Processor (ClassicXray, Rolla, USA).

Pro kontrolu pesnosti nanaseni jsme pouzili mySi protilatku pBagiktinu (Sigma-
Aldrich, St. Louis, USA). Po hodinové inkubaci aste@ném promyti v PBS-Tween
jsme membranu inkubovali v sekundarni protilatcablgit anti-mouse; BioRad,
Hercules, USA). Vizualizaci navazané protilatky tprB-aktinu jsme provedli vysSe

popsanym postupem.

3.8. Prutokovéa cytometrie

V ramci |&ebnych protokdl pacientt s akutnimi leukémiemi je v labordioch
CLIP pomoci standardniho panelu monoklonalnichilatek vySetovan imunofenotyp
leukemické populace paciéntKrome inicialniho stanoveni subtypu leukémie daného
pacienta jsme pro tuto studii vyuZili metoduifpkové cytometrie takéipanalyze
mnozZstvi proteinu WTL1 v liice (viz vySe) a pro sortovani jednotlivych stadiveje

hematopoetickych béhk (viz nize). V LPC CLIP jsou pro tento typ analykyispozici
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piistroje CYAN (Dako, Glostrup, Dansko), FACS LSRBD, San José, USA) a FACS
ARIA (BD, San José, USA), ktery umiafie nejen analyzu bék s navazanymi

protilatkami ale také jejich separaci do poZzadocanyakci.

3.9. Sortovani bungk

Jednotlivé subpopulace normalni kostriierd Ize charakterizovat na zakkad
unikatni kombinace specifickych povrchovych molekultzv. CD znak. Vzorky
zdravych KD¢i PK jsme inkubovali s protilatkami detekujicimidjgotlivé povrchové
molekuly a pomoci 7-barevnétpokové cytometrie jsme Ze¢hto vzorkKi na gistroji
FACS ARIA (BD, San José, USA) vysortovali tato sédldematopoetického vyvoje:

CD34+/38dim-neg/19neg kmenovénly
CD34+/38+/33+/19neg prekurzory myeloitady
CD34+/38+/19+ prekurzory B-lyooti
CD34neg/38+/33+/4+/14+ monocyty

FSC/SSC granulocyty

CD3+ T-lymfocyty

3.10. Analyza dat a statistickd analyza

Vysledky byly zpracovany ve statistickém softwarucisoft Excel (Microsoft
Corporation, Redmond, USA), Prism 5 (GraphPad, t#aJUSA) a SPSS 12.0.1.
(SPSS, Chicago, USA). Sekvence pritnarsond jsme navrhli v programu Vector NTI
8 Suite Software (Informax, Bethesda, USA). Speitifijejich vazby k cilové DNA a
piipadnou tvorbu sekundarnich struktur jsme testavpliogramech Vector NTI 8 Suite
Software (Informax, Bethesda, USA) a webové aplikadCBI BLAST
(http://blast.ncbi.nim.nih.gov/). Data ziskanad s&ka@ni analyzou jsme zpracovali
v programu Mutation Surveyor 4.0 (SoftGenetics,té&t@ollege, USA). Charakter
nalezenych mutaci respektive SNP (single nuclegimgmorphism) jsme testovali ve
webové aplikaci Ensembl Genome Browser (http://wensembl.org/). VesSkera data
Z praitokového cytometru se v laboréith CLIP analyzuji softwarem FlowJo 9.2
(TreeStar, Oregon, USA).

Korelaci deteknich systém pro celkové WT1 a konkrétni izoformy jsme testoval

pomoci ,Spearman rank correlation“. Pro porovnaati mezi danymi skupinami jsme
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pouZzili neparametrické testy ,Mann-Whitneyi ,Kruskal-Wallis* véetré ,Dunn's
multiple comparison post-test”. Parametig#ti EFS (event-free survival), OS (overall
survival), RFS (relaps-free survival) a CIR (cuntivia incidence of relapse) byly
hodnoceny pomoci Kaplan-Meierovycliidek preziti. Prognosticky vliv expresniho
vzorce izoforem genMVT1 jsme testovali v linearni regresi. Mnohonasobmasticka
regrese byla pouZzita pro definici vztahu expres@gdivych izoforem a typu diagnozy
pacienti. Pro vizualizaci tohoto typu analyzy se vyuziva. tzprincipal component
analysis“. Vysledné ,heatmapy“ byly zkonstruovany \azualizovany pomoci

hierarchického klastrovani (Euclidean metric, Warklage clustering).
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4. Vysledky

4.1. Detekce a kvantifikace izoforem genu WT1

Nezbytnou sotasti planovanych experiméntv ramci nasSeho projektu bylo
navrzeni a optimalizace metodiky pro detekci a kifizaci 4 hlavnich izoforem genu
WT1 (izoformy A, B, C a D). Poddo se nam navrhnout systém, ktery je schopen
stanovit expresni vzorec varianVT1l s dostaténou specificitou, senzitivitou i
reprodukovatelnosti.

Vysledné parametry det&kiho systému:

Senzitivita: sklon standardnichikek pro vSechny 4 izoformWT1 se pohyboval
vrozmezi 3,19 - 3,4, intercept 38,45 — 38,87. mldm s danou izoformou o
koncentraci 1 x 10/ 5 pl odpovidalo Ct 21,8 — 23 cyklu. Nejmerigtini standardni
fady — 1 x 16 bylo stanoveno jako limit senzitivity systému m&echny variantyVT1
Citlivost gPCR reakcitistala nezrénéna i po gidani nespecifického templatu (ostatni 3
izoformy) do reakce pro danou variantu.

Specificita: Nami navrZzenou metodiku jsme testotaké z hlediska specificity
jednotlivych reakci. Systém amplifikujici konkrétidoformu poskytoval negativni
vysledky pro ostatni 3 izoformy; pouzéi welmi vysoké koncentraci kontaminujici
izoformy dochazelo k detekci slabého signalu (Ca dd. cyklus) vzdy o vice nez
6 cykla za specifickou izoformou v nejnizsi koncentraci.

Reproducibilita: B testovani reproducibility jsme provedli analyzuzovki
leukemickych linii v 6-plikatu (biologicky replikata také opakovanou analyzu
vybranych vzork. Variabilita mezi replikaty resp. opakovanymi \gdky byla
minimalni. Dosahli jsme excelentni korelace meaidimou celkoveh@T1a sodtem
vSech 4 izoforem (koretai koeficient 0,972, p<0,0001, Obr. 5). Hladinakogkho
WT1 byla pro dany vzorek vzdy o cca 0,5 —fdd vySSi nez s@et variantWT1
(viz Obr. 6).

Vramci testovani paramétr detekKniho systému jsme pomoci dihich
experimeni stanovili nejnizsi peet kopii celkovéhdNT1resp. sottu izoforemWT],
pii kterém analyza po#énu sestihovych variantWT1 jeS€ poskytovala spolehlivy
vysledek (viz Obr. 7). Pro celkow®T1byla tato hranice stanovena na 100 kopii a pro
sowet izoforem 10 kopii. Vzorky, které nespvaly tyto parametry, byly z nasledné

analyzy vyazeny.
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4.1.1. Exprese WT1 a jeho izoforem v leukemickych liniich

Ve vzorcich leukemickych linii (Kasumi-1, NB-4, ML, K562, RS4;11, REH,
NALM6 a UOCBS6) jsme detekovali variabilni hladinglkovéhoWT1 (98 - 71 915
WT1/ABL x 10" NCN; Obr. 8) Analyza expresniho vzorce izofor&kfirl v téchto
vzorcich ukazala vyznamné rozdily v pémn jednotlivych segthovych variant. Resto
jsme byli schopni identifikovat tité spol€éné znaky, které se vyskytovaly u vSech
analyzovanych linii — prevalence izoformy D a izeim obsahujicich exon 5
(viz Obr. 9). Ponr izoforem obsahujiciciti postradajicich KTS inzert vykazoval
mensi variabilitu neZ po#nexon 5 +/- variant (viz Obr. 10 a 11).

Experimenty analyzujici stabilitu expresniho vzom@oremWT1v pribéhu ristu
kultury ukazaly zajimavé vysledky.iéstoze Bhem kultivace leukemickych bk
dochazi k mirnym fluktuacim celkové hladidyT1, pomer jednotlivych izoforemWT1
se téndit neneni (viz Obr. 12).

4.1.2. Exprese WT1 a jeho izoforem v kontrolnich vzorcichKD a PK

a sortovanych subpopulacich kontrolnich KD

Median hladiny celkovéh®/T1 u zdravych kontrol byl 29VT1/ABLx 10" NCN
(0— 595 NCN, Obr. 13). Vzhledem k takto nizkyndhotam celkovéhdaVT1, splinil
kritéria pro analyzu expresniho vzorce izoforeWT1l (viz kapitola 4.1) pouze 1
kontrolni vzorek KD, kde byl po#n variantwT10,12 : 0,18 : 0,17: 0,53 pro izoformy
A, B, C respektive D. DalSi dva vzorky umoznily biza alespé exon 5 +/- a KTS +/-
variant a nasledny vyget pongru jednotlivych variant (viz metodika). Takto zisia
vysledky byly srovnatelné s daty n&mnymi u vySe uvedeného vzorku KD — 0,02 :
0,11 : 0,14 : 0,73 pro izoformy A, B, C a D. Tytgsledky naznéuji, Ze ve zdravé KD
je poner izoforemWT 1 stabilni a vyznéuje se pevahou izoformy D (D > G B > A)
(viz Obr. 13).

Pomoci péitokové cytometrie se nam pdida separovat zakladni hematopoetické
buré¢cné subpopulace definované expresi povrchovych tzndlto subpopulace
odpovidaly jednotlivych diferenaiaim stadiim KD: stadiuméasnych prekurzdr
s charakterem kmenovych hikn(N=11), myeloidniho prekurzoru (N=13), prekurzoru
B fady (N=12), dale stddium monoay{N=13), granulocyt (N=2) a prekurzar T
burgk (N=4). V €chto subpopulacich jsme detekovali odlisné hladielcového WT1
(p<0,0001). Charakteristickym znakem byla vysSiregspWT1v kmenovych bitkach
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a v prekurzorech myeloidni resp.i8dy. V pozdjSich stadiich vyvoje se expregérl
snizuje (Obr. 14).

Populace butk, které jsou ziskany separaci natpkovém cytometru jsou obvykle
velmi malé. Detekce kontrolniho genu i celkové haditranskriptu WT1 se
v takovychto vzorcich pohybuje na hranici detgko limitu qPCR metodiky. Tyto
subpopulace proto nemohly bytr‘aaeny do souboru vzaikanalyzovanych na expresni

profil izoforemWTL1

4.1.3. Exprese WT1 a jeho izoforem ve vzorcich paciefit

Expresni vzorce WT1 a jeho izoforem étské AML

Pacienti s &skou AML exprimovali celkovy¢T1na hladii 2058 WT1/ABLx 1¢*
NCN (median, rozmezi 0 — 251 786 NCN; Obr. 13).n8ikantn¢ vyssi hladinavT1
v diagnostickych vzorcich paciéns ditskou AML ve srovnani s kontrolami umoznila
analyzu izoforem u 57 vzoik U naprosté &Siny pacieni jsme nalezli uniformni
expresni vzorec izoforemVT1 s grevahou izoformy D a srovnatelnymi hladinami
izoforem A a C (D > B > C= A). Medidn pomdru konkrétnich izoforem byl
0,09:0,25:0,11 : 0,55 pro izoformu A, B, C a@br. 13), gicemz tento powrr byl
uniformni i vramci jednotlivych podskupin AML (dabvanych na zaklad
molekuléré genetickychéi morfologickych charakteristik), u kterych jsmezooovali
signifikantre odliSné hladiny celkovéh®VT1 (viz Obr. 15 a Obr. 16)FLT3/ITD +
pacienti ngli stejny profil izoforem WT1 jako pacienti, ktd tuto mutaci nerdi
(Obr. 17). Podobn také pacienti standardniho rizika exprimovali aofy WT1 ve
stejném poréru jako pacienti ve skupénvysokého rizika (Obr. 18). Neprokazali jsme
korelaci vzorce seghovych varianWT1s rizikem relapswi vysledky I&by (Obr. 19).

Expresni vzorce WT1 a jeho izoforem¢étsklych MDS a AA

U déti s MDS jsme nalezli signifikangnnizsi hladiny celkovéhoNT1 nez u
pacientt s dstskou AML (median 196, rozmezi 0 — 422¥T1/ABL x 10" NCN;
p =0,003; Obr. 13). Pro RAEB subtyp byla charakteka vyssi hladinaVT1 a
vyrazre mensi rozptyl nagfenych hodnot (median 638, 325 — 2645 NCN) ve snovna
s RC (median 22, 0 — 4221 NCN). Dvanéct padisngtskym MDS splnilo kritéria pro
analyzu izoforemWWT1 Ve srovnani s&skou AML, byl u gchto pacient profil variant
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WT1odliSny a vyzn&oval se vyrazgsi variabilitou. Varianta D byla @p prevladajici
izoformou, zatimco ostatni varianty byly exprimoyarvelmi podobg — ¢ili
D > C=B=A. (median poryu A,B,CaD-0,16:0,15: 0,17 : 0,46; Obr).13

Aplasticka anemie je charakteristicka velmi nizleoyresi celkovehtVT1 (median
4, rozmezi 2 — 26NT1/ABLx 10* NCN; Obr. 13). Proto u paciénis timto typem
diagndzy nebylo moZné provést analyzu expresnibecezzoforemWT1

Expresni vzorce WT1 a jeho izoforem u diispML s MDS

Celkova hladina genuNT1 u dosglych AML byla srovnatelna s hodnotami
nalezenymi u &ské AML (median 3448NT1/ABLx 10" NCN, rozgti 2 — 23579;
Obr. 13). Srovnatelny byl i profil izoforemWT1 u 27 analyzovanych paciént
s dosglou AML (D > B > C= A), ktery se vSak vyzrgaval vyrazi nizsi variabilitou
mezi jednotlivymi vzorky (0,13 : 0,31 : 0,13 : 0,40 izoformy A, B, C a D) (Obr. 13).
Analyza morfologicky¢i molekular® geneticky definovanych podskupin neukazala
Zzadné signifikantni rozdily. Identicky profil izaEm WT1jsme nalezli také u pacient
standardniho resp. vysokého rizikaFLT3/ITD pozitivnich resp. negativnich paciént
Dosgli s AML, ktefi zrelabovali, nili srovnatelny vzorec izoforevVT1 jako ti, ktei
zustavaji v kompletni remisi. Nalezli jsme pouze ga#ikantni trend k vySSimu riziku
relapsu u paciefits vysSim relativnim mnozstvim izoformy B (logi&écregrese p =
0,063, Chi-kvadrét test p = 0,021).

Dvacet dewt dosglych pacient s MDS exprimovalo celkovyWT1 na hladig
podobné dtskému MDS (median 65, ro# 1 — 3146WT1/ABLx 10 NCN; Obr. 13).
Ponery izoforem WT1 vykazovaly opt vysSi variabilitu s fevahou izoformy D a
rovnonegrné exprimovanymi ostatnimi variantami (D > G B > A) — konkrétg
0,12:0,22:0,21: 0,41 pro A, B, Ca D (Obr..13)

Expresni vzorce izoforem WT1 — vztah k jednotlidiagndzam

Vysledky nesupervidovaného hierarchického klasmovakazaly, Ze expresni
vzorec izoforemWT1 e schopen rozdit pacienty do skupin figdstavujicich jednotlivé
diagnozy. Pacienti jsou takto rageni signifikantré 1épe nez podle hladin celkového
WT1(p < 0,0001; Obr. 20). Z vysledlanalyzy také vyplyva, Ze je profil izoforewdT1

naprosto nezavisly na hladioselkovéhoNT1
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Exon 5 +/- a KTS +/- podr ve vzorcich pacierit

VyrazrgjSi rozptyl pondéru exon 5 +/- variant ve srovnani s KTS +/- nalgzen
leukemickych linii jsme pozorovali i u pacientskyehorki. Exon 5 +/- porér se lisil
vice mezi jednotlivymi diagnézami (p < 0,001) zatonKTS +/- pondr zavisel vice na

véku pacient nezavisle na typu diagnézy (p < 0,001; Obr. 21).

4.2. Prognosticky vyznam exprese celkového WT1 uétské AML

Mezinarodni spoluprace vramci ,European Study Groon WT1 Expression
in Childhood AML*

Pracovni skupina sdruzujici vyznamna vyzkumna eentkémecku, Italii aCeské
republice, vznikla ve snaze definovat vyznam géNlil u dtské AML. Jednim
z prvnich ukal byl vyvoj, optimalizace a zejména standardizaceodiky detekce genu
WT1 tak aby bylo moZné analyzovat vzorky nezavislertznych laboratornich
centrech. V ramci standardizace této metody grtmbnékolik kol kontroly kvality tak,
aby byla zartena reproducibilita ziskanych dat (Willasch, Grehal. 2009).

Vramci spoluprace se nam péoida ziskat vice nez 200 konsekutivnich
diagnostickych vzork déti s AML, coz vzhledem k obe¢mizkému pétu pacient
s timto typem diagndzyredstavuje rozséhly a reprezentativni soubor.

Prognosticky vyznam hladiny mRNA genu WT1

V pilotni studii, zahrnujici pacienty@eské republiky a Bmecka, jsme analyzovali
vztah diagnostické hladinfT1u détské AML s progn6zowthto pacient. Vzhledem
k odlisné Iéebné strategii pacieints APL (N=16) jsme provedli jak analyzu celé
kohorty pacient tak i analyzu kohorty bez APL pacién(N=195). Median hladiny
genuWT1pii diagnéze byl 2014 (rozmezi 0 — 2357 8 1/ABLx 10°NCN a 1779
(rozmezi 0 - 235775WWT1/ABLx 10" NCN pro vSechny pacienty respektive pacienty
bez APL. Nalezli jsme signifikanénvyssi expresiWT1ve skupig vysokého rizika ve
srovnani s pacienty standardniho rizika (p < 0,08@l= 0,0014 pro vSechny pacienty
respektive pacienty bez APL,; viz Obr. 22).

Nejvyssi hladinuWT1 jsme detekovali u AML M3 (N = 16; median 7959
WT1/ABLx 10" NCN), naopak nejménexprimovaliWT1 pacienti s AML M5 (N = 44;
median 10WT1L/ABLx 10°NCN; viz Obr. 23). Bitomnost prognosticky ifznivych
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znaka t(15;17), t(8;21)¢i invl6 signifikantd korelovala s vysokou expreSWTl,
(viz Obr. 24). Ve skupi pacientt s FLT3/ITD (N = 23) jsme detekovali signifikanin
vySSi hladinuWT1nez u pacietitbez této aberace (p = 0,0001 pro vSechny pacienty
pacienty bez APL,; viz Obr. 25).

Neprokazali jsme souvislost hladiny expré§&1s pohlavim¢i inicialnim paitem
leukocyti a jiz v kohor€ vSech pacieiit¢i kohore bez APL. Ve skupi vysokého
rizika jsme nalezli nesignifikantni trend (p > 0)06vysSi expresWT1 pri diagndze u
pacienti s > 5 % blastv d15 inicialni faze &y (viz Obr. 26).

Analyza Kivek preziti nepotvrdila korelaci hladingWT1la EFS (event free survival)
¢i CIR (cumulative incidence of relapse) j@ v kohorg vSech pacieidt pacient bez
APL, ¢i pacienfi s NK-AML (N=43) (3-lety EFS pro pacienty s </> =4Q
WT1/ABLx 10 NCN byl 61% vs. 52%, p = 0,12; 3-letd CIR byla 398 35%,
p = 0,45; viz Obr. 27 a 28).

4.3. Mutaéni analyza genu WT1 u pacieni s AML

Mutace v genuVT1jsme nalezli u 13 paciehiz 91 analyzovanychét (14,2 %).
U ¢asti mutovanych pacieintbyla prokdzana aberace zasahujici do oblasti Aased
reverzniho primeru nami pouZzivaného sytému pro kdeteelkové expreseNTL1
Porovnanim expres@&T1u mutovanych resp. nemutovanych padigsme neprokazali
negativni vliv €chto aberaci na celkovou hladinu transkriplTl Pacienti s mutaci
v genuWT1 m¢li naopak signifikants vy3si hladinuwT1 (p < 0,01; Obr. 29)Cast
vzorki (N=5) byla proto analyzovéana také alternativninCgPsystémem detekdd'T1,
ktery potvrdil vySe znmiiovanou overexpresi celkoveWvT1 u mutovanych paciefnt
Zajimavym vysledkem je také vysoka expr&¥é&l nalezena u pacienta s bialelickou
mutaci v genu WTL1 Neprokazali jsme souvislost hladiny exprese geAdl
s pritomnosti najastjSiho jednonukleotidového polymorfismu SNP rs16784z
Obr. 30).

4.4. Srovnani exprese genu WT1l ve vzorcich KD a PK pacisi
S détskou AML
Pro srovnani hladin expre¥éT1ve vzorcich KD a PK a jejichifpadnému vyuziti

pro sledovani MRN u &ské AML byla provedena analyza parovych diagn&gth
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vzorki KD a PK 90 dtskych pacienits AML. V ramci této analyzy byl zpracovan také
soubor 24 vzork zdravych kontrolnich KD a PK.

Fyziologicka exprese genMWT1 ve zdravych KD a PK byla 28 respektive
1,4WT1/ABLx 10" NCN (rozmezi 8 — 115 a 0,2 — 13,2 NCN). Ve vzdrckD
pacientt s AML byla expres@VT1o priblizn¢ 0,2 fadi vySSi nez v jejich PK (median
2587 (rozpti 0 — 57065)WT1/ABLx 10" NCN pro KD a 1640 (rozi 0 — 16517)
WT1/ABLx 10 NCN pro PK; p = 0,02; viz Obr. 31). AberadtmvySené exprese/T1
byla nalezena u 76 % a 80 % vzikD respektive PK.

Vysledky této analyzy ukézaly, Ze rozdil v expr&8iTl mezi zdravou tkani
a leukemickymi vzorky je vifpac PK 3,1fadu zatimco v KD je tento rozdil pouze
2 fady (viz Obr. 32).

Srovnani parovych hladWT1lv PK a KD ukazalo excelentni korelaci n&enych
hladin (korel&ni koeficient 0,89, P < 0,0001; viz Obr. 33), nictadéebyla prokazana
korelace mezi hladinou expre®él1v KD respektive PK a procentuélnim zastoupenim
blast.

Pacienti s AML M3 exprimovali gewT1na nejvyssi hladin(jak na arovni KD tak
i PK) zatimco pro subtyp AML M5 byla charakteri&fc nejnizsi hladinawT1
(p < 0,0001 pro KD i PK; viz Obr. 34). Pacientirgfardniho rizika réli expresiwTl
signifikantre vySSi ve srovnani se skupinou vysokého rizika (h0001 pro KD i PK).

Vramci analyzy nebyla prokadzana korelace hladimprese WT1 s wkem,
pohlavim pacierit ¢i jejich odpowdi na inicialni fazi |8by. Podobs také nekoreluje
exprese genWT1s vysledky léby, nebd pacienti, kté zrelabovali, nili srovnatelnou
hladinuWT1 v KD i PK s &mi, ktefi jsou v remisi. V pipact analyzy PK vSak byl
nazngen nesignifikantni trend k lepSimurediti u pacient s vysSSi expresWTl
(viz Obr. 35 a 36).

4.5. Prognosticky vyznam pred- a potransplantani hladiny exprese genu
WT1 a jeho mozné vyuziti pro sledovani MRN u &i s AML
V rdmci tétocasti studie byly zpracovany vzorky KD 20 paciestdtskou AML.
Kromé diagnostickych vzotk byly do analyzy zé&azeny také vzorkyied a po TKD. U
¢asti pacient (N=15) byly k dispozici také vybrané vzorky odeféav piibéhu jejich
nasledné léby piipadre pri relapsu.
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Pacienti, kté& proctlali relaps leukemie, thi hladinu WT1pii relapsu srovnatelnou

s expresiWT1 v doke diagnézy (median 1585 respektive 250 1/ABL 10" NCN).
V kompletni hematologické remisi se expra&@1 v KD pohybovala v mezich jeho
fyziologické hladiny (Obr. 37). U 4 z 5 paciénu kterych byl material k dispozici, byla
exprese genuNT1 v poslednim vzorku odebranénted hematologickym relapsem
srovnatelna s hodnotami, které nachazime ve zd¢Bv@siz Obr. 38).

Vzhledem k gkterym recentnim publikacim, které naZiha vyznam ped-
respektive potransplariiai  hladiny genu WT1 byla provedena také analyza
prognostického vyznamu expre¥é€l1v téchto ¢asovych bodech. Mezi pacienty, Kte
po TKD zrelabovali, a pacientyugtavajici v kompletni remisi, jsme neprokézali
signifikantni rozdil v expresWT1 & jiz v pfed- nebo potransplaraich vzorcich
(Obr. 39 - 42).

4.6. Srovnani hladin exprese WT1 na urovni mRNA a proteiu

V ramci projektu bylo provedeno srovnani hladin miRM proteinu WT1 ve
vzorcich leukemickych linii a linii germinalnich d@ varlat detekovanych pomoci
gPCR a Wester blotu, IF¥M PC.

Jak jiz bylo zmigno v kapitole 4.1.2, v sortovanych subpopulaciafazél KD a PK
jsme detekovali odliSné hladiny geMdr1 (p < 0,0001; viz Obr. 14). Analyza proteinu
WT1 pomoci IFM ukézala velmi podobné vysledky. W@ expresi proteinu WT1
nachazime v nezralych kmenovychikach a prekurzorech myeloidni resp. B &tnme
fady. V pozdjSich stadiich hematopoetického vyvoje je podojako v gipadt mRNA
i exprese proteinu WT1 vyrazmizsi (viz Obr. 43).

Vysledky ziskané imunofluorescari mikroskopii byly potvrzeny ftokovou
cytometrii, kterd oft prokazala vysokou expresi v kmenovychikéch a nezralych
progenitorech a velmi nizkou hladinu WT1 v perifekrvi.

Ve vybranych leukemickych liniich a liniich TGCTsane porovnali expresi mRNA
s proteinem WT1 detekovanym pomoci Western blotysladky analyzy vSak
nepotvrdily korelacidchto dvou hladin. Z Obr. 44 je patrné, Ze i ve erdr linii, které
maji velmi vysokou hladinu mRNA gend/T1, byla detekovana nizka hladina proteinu
WT1. Naopak linie s nizkou expresi mRNAlgnhladinu proteinu WT1 vysokou.
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4.7. Diferencialné diagnosticky algoritmus pro pacienty s RC MDS

s pouzitim kvantifikace mRNA WT1

V této casti prace jsme spolupracovali s laborafaritokové cytometrie CLIP na
pilotnim projektu identifikace novych fakirkteré by pomohly Iépe rozliSitétsky
MDS typu RC od AA. B PC analyze vzork bylo prokdzano signifikantnvyssi
zastoupeni CD34* a CD117% prekurzofi u pacieni s RC nez u AA (p=0,0017
(CD34); p = 0,00041 (CD117)). Naopak, pacienti s AAivaji vySSi mnoZzstvi
lymfocytt véetnt CD19°* a CD3 burgk (p = 0,000011 (CD19); p = 0,048 (CD3)).
Pomer CD19/CD34 se zd4 byt parametrem nejlépe roziigujRC a AA (p < 0,00001).

U téchto pacient jsme detekovali také expresi gewll' L Podob# jako v gredchozi
kohorg détskych MDS a AA (viz 4.1.3.), jsme nalezli nejvy$sadinuWT1u pacieni
s MDS RAEB (median 794 (rop 325 — 2645WT1/ABLx 10 NCN) a JMML (zde
se v8ak jedna pouze o jednoho pacienta; BABL/ABLx 10" NCN; viz Obr. 45).
Pacienti s MDS RC sice exprimW¥T1na nizSi hladi&, nicmér ve srovnani s AA se
vyznauji signifikantre vysSi expresiwTl (p = 0,0047). HladinaWT1 koreluje
s procentualnim zastoupenim CB34rekurzofi u pacieni s AA (korel&ni koeficient
R =0,74; p = 0,034), nikoliv u paciént RC (R =0,5; p=0,2).

V testovaném diagnostickém algoritmu pro rozliSBG a AA je tedy zahrnuto
hodnoceni CD3%% CD117° prekurzofi, poméru CD19/CD34 a hladinyT1 Na
z&kladt nasich vysledk |zeftici, Ze tato kombinace parametnize vyznama prispét k
diferenciaci obou tyfponemocsni.
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5. Diskuze

GenWT1je dlouhodob studovan u hematologickych malignit i solidnicimtar.
Mozny vyznam expres&VT1 pro vznik a rozvoj nemoci byl popsan u dégph
pacientt s akutnimi leukémiemi, MDS i chronickou myeloidfgukémii (CML).
Dosavadni studie také poukazuji na potendé¥dll v terapii tchto onemocni & jiz
v rizikové stratifikaci, sledovani MRN¢i imunoterapii. V oblasti é&skych
hematologickych malignit je vSak k dispozici jen emené mnozstvi publikaci
zaneienych na toto téma.

NaSe pracovni skupina CLIP (Childhood Leukemia $tigation Prague)ijspela
k objasini role genuWT1 u détské AML jiz psti pracemi. V prvni a pilotni studi
prognostického vyznamuWT1 jsme prokazali korelaci hladiny expresé&/T1
s piitbéhem onemoatni a MRN stanovenou cytometricky u zhruba poloviny
analyzovanych pacieint(Trka, Kalinovaet al. 2002). Na tuto praci navazala MUDr.
Boublikova, ktera ve své studii nalezla signifik@nnizSi hladinuWT1 u pacieni
s ALL ve srovnani s AML. Rekvapiv také prokazala negativni prognosticky vyznam
jak vysoke tak i nizké inicialni expre¥éT1 (Boublikova, Kalinoveet al. 2006). V roce
2009 jsme vramci mezinarodni pracovni skupiny Beam Study Group omVT1
Expression in Childhood AML publikovali univerzalrd standardizovanou gPCR
metodu kvantifikace genWT1 (Willasch, Gruhnet al. 2009). Posledni @vpublikace
jsou zamdteny na izoformy genuNT1 respektive vyuziti PK pro sledovani MRN
pomociWT1a jsou podkladem této prace.

V posledni dob se objevily dva fenomény, o kterych segpokladalo, Zze by mohly
vyswtlit fadu diskrepanci, které vysledky studii vyznaiMI'l u hematologickych
malignit provazeji. Prvnim z nich jgippmnost mutaci v genWTJ, které nachazime u
cca 10 — 15 % pacieihs AML a mohou ovliiovat vyslednou funkci proteinu WTL1. Jiz
od objevu genWWTL1 je také znamo, Ze se vilme vyskytuje ve vice izoformach.
Intenzivnim studiem v @béhu nasledujicich let byly postupndhaleny konkrétni role
genu WTL které lze fpsat gimo ®mto jednotlivym variantamWT1l (Burwell,
McCarty et al. 2007; Ito, Ojiet al. 2006; Jomgeow, Ojet al. 2006). Jejich konkrétni
vyznam pro vyvoj hematologickych respektive leukapch burk vSak nebyl
doposud detaikhstudovan. Jednou Zipin nedostatku relevantnich dat je také fakt, ze
detekce zakladnich izoforem (A, B, C a D) pomociCRPje vzhledem k délce

amplikonm a sekvetini homologii technicky velmi obtizna.
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NaSim hlavnim cilem tedy bylo vyvinout metodikuealete izoforem\WT1, kterd by
umoznila spolehli¥ stanovit ponary jednotlivych sesthovych variant v normélnich a
malignich bukach. Detekni systém, ktery se nam pdila navrhnout a optimalizovat,
piedstavuje unikatni techniku detekce a kvantifikecgéorem genuWVT1 Intenzivnim
testovanim jsme také &wli veSkeré parametry metody z hlediska senzitjvity
specificity i reprodukovatelnosti. Tato technologiedstavuje vyznamny nastroj pro
studium a pochopeni role ger1a jeho izoforem v najzngjSich tkanich.

Béhem testovani metody jsme narazili nkteré dilezité aspekty, které je nutné
zvazit i analyze a zejména interpretaci ziskanych dast®ze jsme dosahli excelentni
korelace hladin celkovéh@/T1a souwtu izoforem, zjistili jsme, Ze je tento st o cca
0,5 — 1rad nizsi nez celkova hladivdT1l Rozdil mezi &mito hodnotami lze vysilit
jednak tim, Ze nas qPCR systém detekuje pouzevaihieoformy a nedetekuje ostatni
minoritni varianty (viz kapitola 1.2.2). Nejpraymbdobrji je vSak tento rozdil
zpisoben odliSnou efektivitou systénpro detekci izoforem resp. celk. hladikyT],
neba’ Ize pedpokladat, Zze gPCR amplifikujici velmi dlouhé GsBINA bude mit vzdy
efektivitu nizsi.

Dalsi nemé#& vyznamny vysledek poskytly experimenty s dilimi radami
leukemickych linii. Zjistili jsme totiZ, Ze pokudandany vzorek velmi nizkou hladinu
exprese celkoveh@WT1, maze analyza po#tu izoforem WT1 piinést nepesné a
zkreslujici vysledky. Vzhledem k faktu, Z&t$ina vzork normalni KD i PK exprimuje
WT1 na nizkych hladinich, &y by byt podle naSeho ndzoru doposud publikované
rozdily mezi maligni respektive zdravou KD interprginy velmi opatré

Pomoci této unikatni metodiky jsme provedli analgzpresniho profilu izoforem
ve vzorcich leukemickych linii, kontrolnich KD, penti s AML a MDS, které splnily
kritéria minimalni hladiny celkovéhd/T1stanovené v ramci testovani metodiky.

Ve vzorcich leukemickych linii jsme nalezli odliSegpresni profily izoforenWT1
Nepoddilo se ndm vSak prokazat souvislo&thto profili s molekulars genetickymi
resp. morfologickymi charakteristikami linii (REHWBOCBS6, které jsou abpre-B ALL
a TEL-AML1 pozitivni exprimovaly izoformyVWT1 v naprosto jiném po#nu, zatimco
nejblize k sob mély z hlediska variantWT1dwé zcela odliSné linie — REH a NALM®6).
MozZné vys¥tleni tohoto jevu souvisi s fluktuaci celkové htadiWT1 v pribéhu
buné¢cného cyklu, ktera byla jizidve popsana (Kerst, Bergokt al. 2008). Podobn
totiz mize kolisat i exprese jednotlivych izoforem. Prase¢ provedli experimenty

stanovujici stabilitu profilu izoforeWT1v pribéhu kultivace buinych linii. Z naSich
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vysledii vyplyva, Ze se relativni mnoZzstvi jednotlivych iaat WT1 v pribéhu rastu
kultury nengni (i pres mirné fluktuace celkové hladinyTl). Exprese izoforenWT1
tedy neni definovana fazi b&timeho cyklu, ale prawgodobr slozigjSimi regul&nimi
mechanizmy, které zohladji SirSi spektrum vlastnosti imortalizovanéky v burécné
linii.

Zjistili jsme také, Ze posr exon 5 +/- izoforem se mezi leukemickymi liniemi
vyrazre lisi, zatimco porér KTS +/- se zda byt stabij$i a tento jev jsme zaznamenali
I ve vzorcich pacieidt Podobny fenomén pozorovali také Rensleval, ktefi béhem
analyzy nejiznejSich vzorki a jiz fyziologického ¢i maligniho mivodu zjistili, Ze
KTS +/- poner se v &chto vzorcich pohybuje ve velmi Uzkém rozmezi hodpnatimco
poner exon 5 +/- variant je vyrazrovlivnén typem buiky ¢i nag. jejim diferencianim
staddiem (Renshaw, King-Underwoodt al. 1997). Nemé# zajimavé vysledky
publikovali aut@i Kent et al, kteri zjistili, Ze exon 5 je fitomen pouze u sauca
ostatnich drufh se nevyskytuje, zatimco KTS inzert detekovali achsanalyzovanych
druhi (Kent, Coriatet al. 1995). Mezidruhovou stabilitu pamu KTS +/- izoforem
pozorovali i auté predchozi publikace. Je tedy prapddobné, Ze regulace S#st
téchto dvou inzeft probiha nezavisle skrze odliSné molekularni meicnan
Z hlediska karcinogeneze Izéegdpokladat, Ze tato regulacéide byt v ptibchu maligni
transformace naruSena.

Analyza kontrolnich vzork pacient s AML a MDS ukazala signifikantni rozdily
mezi jednotlivymi typy diagn6z a také mezétskymi resp. dosflymi pacienty.
Expresni profil izoforemWT1 byl schopen spolehlév rozdlit pacienty do skupin
piedstavujici konkrétni diagndzu a to signifikanképe nez celkova hladin&T1

U pacient s cttskou resp. dosfou AML jsme nalezli pekvapiv identicky vzorec
izoforemWT1s grevahou izoformy D a exon 5 + variant. Tento prbfil nezavisly na
celkové hladia WT1 coZ vyvraci skteré spekulace, podle nichZ je vysokd hladina
celkové expres&VT1 dand vysSi expresi konkrétni izoformy. Zajimau&tpe, Ze se
nalezeny profil neliSil mezi molekulatngeneticky a morfologicky definovanymi
podskupinami AML, pestoze se tyto skupiny vyrazrodliSuji z hlediska hladiny
celkovéhoWT1

MDS pacienti vykazovali vyrazysi rozptyl v relativnim mnozZstvi jednotlivych
variant. RevaZujici variantou sice také byla varianta D, aftatni izoformy se

vyskytovaly v podobném mnozstvi. Tyto vysledky migpodobré odrazi vlastnosti
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myelodysplastickych butk a to zejména jejich heterogenituiamy potencial k maligni
transformaci.

Neprokéazali jsme souvislost izoforeWT1 s rizikem relapsu resp. vysledkyhsy.
Pouze ve skupin dosglych AML jsme nalezli trend k horSi progndze u et
s vySSi expresi izoformy B. Definitivni stanoveniognostického vyznamu profilu
izoforemWT1vSak vyZzaduje rozséhlejsi studii.

European Study Group oWT1 Expression in Childhood AML je na poWT1
uznavanou pracovni skupinou. V ramci této skupistypg zahdjili studii analyzujici
expresi genWT1u dstskych pacierit s AML, lé&enych vCR, Némecku a Italii. Jedna
se o0 unikatni analyzu, ktera pobe definitivieé stanovit prognosticky vyznam genu
WT1u dtské AML. Vyznam této studie doklada jednak velikesuboru pacieit
(finalni soubor bude obsahovat vice nez 350 pagiegjich uniformni I€ba v ramci
protokolu AML-BFM 2004 resp. AIEOP AML 2002/01 a kéa standardizovana
metodika, diky niz Ize kvantifikov&/T1na fiznych pracovistich.

Pilotni analyza 211 paciaentukazala, Ze diagnosticka hladind/T1 nema
prognosticky vyznam udti s AML, coZ je v rozporu s&sSinou doposud publikovanych
dat (zejména v oblasti dadpch AML). Fin&lni soubor pacieitumoZzni stanovit tento
prognosticky vyznam i v rdmci dich podskupin &tské AML, nebd vétSina doposud
publikovanych studii byla pro tento typ separatmalgzy vzhledem k nizkému g
pacienti nevhodna.

Je také velmi zajimavé, Ze vysledky analyzy neloyljvnény vyloutenim skupiny
pacientt s AML M3. Tento subtyp leukémieggdstavuje obtiZzhhodnotitelnou skupinu
pacienti, neba se jedna o velmi agresivni formu leukémie. S odxpeall-trans retinové
kyseliny (ATRA), ktera kompenzuje neschopnost mat@ho receptoru retinové
kyseliny reagovat na jeji fyziologické hladiny, «SdoSlo k dramatickému zlepSeni
preziti €chto pacient. Studium klinického vyznamu molekuld&rgenetickych aberaci u
APL tak mize poskytnout zavéci vysledky. Jako nejvhodisi postup B studiu
pacienti s AML se proto jevi vySe zmdna analyza v ramci podskupin definovanych
podle morfologickych respektive molekuldrgenetickych charakteristik.

Vysledky analyzy diagnostickych hladinwT1 pripravujeme Kk publikaci a
vV sowasné dob také zpracovdvame data z definovanyabovych bod lécby pacient.
Che&li bychom tak stanovit prognosticky vyznam hladiWTl i vjinych nez
diagnostickych vzorcich. V ramci této analyzy bychtaké radi definitivé objasnili

vyznam genWT1pro studium MRN u &i s AML a jejich podskupin.
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Jednim z dalSich dilmezinarodni pracovni skupiny bylo stanoveni vimutaci
v genu WT1 na detekci hladiny celkové expre$¥T1 Analyzou mutovanych a
nemutovanych pacieitjsme zjistili gekvapivé vysledky. Pacienti s mutaci W],
kterd zasahuje do oblasti nasedani jednoho z piimaeseho systému, dn oproti
ocekavani vyssi celkovou hladinwWTl, kterou jsme potvrdili také alternativnim
detekinim systémem, ktery je lokalizovan do exondillmimo oblasti, ve kterych se
mutace nejasgji vyskytuji. Je tedy prawpodobné, Ze u pacients monoalelickou
mutaci je expres&/T1zaji¥ovana i (nebo vyhradih z druhé alely a tyto mutace proto
neinterferuji s detakimi qPCR systémy.

Velka ¢ast studii zarkrenych na vyznam gentWT1u dosglé AML je zaloZena na
analyze vzorik PK. V pripadt détské AML je vSak KD i nadale preferovgsi zdroj
leukemickych buék. Analyza parovych diagnostickych vzérkD a PK dti s AML
ukazala velmi zajimavé vysledky. Expresni hladieawgWNT1v PK je sice niZSi nez
v KD, nicméré vzhledem k excelentni korelackchto dvou narfenych hodnot a
zejmeéna diky vyraznnizsi fyziologické expreaVT1v PK usuzujeme, Ze tento material
poskytuje z klinického hlediska hodnégsi informaci pro sledovani MRN pomoci
expreseNT1l

V dalSicéasti této prace jsme se zéih na analyzu prognostického vyznamu hladin
WT1ve vzorcich ped respektive po TKD. &které studie poukazaly na mozny vyznam
téchto dvou ¢asovych bod pro rizikovou stratifikaci transplantovanych patie
(Candoni, Tiribelli et al. 2009; Zhao, Jinet al. 2012). NaSe vysledky vSak tato
pozorovani nepotvrdily, neBaincidence relaps byla v nami analyzovaném souboru
pacienti naprosto nezavisla na hladiexpreseNT1pred resp. po TKD.

U naprosté #tSiny pacieni, ktei zrelabovali, jsme nebyli schopni detekovat ve
vzorku €sre predchazejicim relapsu hladifdT1vySSi nez je jeho fyziologicka exprese
v KD. PrestoZze se jedna o maly soubor padiemovazujeme naSe vysledky za
relevantni, a neépdpokladame tedy, Ze by sledovani kinetiy1v KD predstavovalo
pro pacienty s AML po TKD jakykoli vyznamnytipos (vzhledem k intervain mezi
aspiracemi KD v potransplagt@m obdobi, které jsou pro sledovani MRN pomoci
WT1 ponerné dlouhé). Nabizi se sami@imé otazka, zda by analyza vzérlPK ve
stejnych nebo dokoncéasgjSich ¢asovych bodech neposkytla z hlediska sledovani

s

stale chybi.
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Studium vyznamu jakéhokoli genu na drovni mRNA posje z mnoha Ul
pohledu velmi nelplnou informaci. Vzhledem k Sinmkéspektru posttranskipich a
posttranslanich modifikaci, které se upfatji vregulaci genové exprese, nelze
jednoduse fedpokladat, Ze hladina exprese genu detekovanaavaiUmRNA bude
piimo korelovat s mnoZstvim jeho proteinu. Nelze tab@menout sloZitou kaskadu
regulanich drah, které mohou ovfievat vysledné mnoZstvitipadreé i roli daného
proteinu. Existuje zatim pouze minimum studii 2éenych na vyznam genWT1 u
hematologickych malignit, které byimo detekovaly protein WT1.iBpiva k tomu i
fakt, Ze detekce proteinu WT1 ve vzorcich padiejg vzhledem k jeho malému
mnozstvi velmi obtizna.

V ¢asti prace ¥mované této problematice jsme se tedy pokusili yuab expresi
WT1 na urovni mRNA a proteinu. Zjistili jsme, Ze welravych hematopoetickych
buinkach Ize pozorovat podobny expresni profii mRNAratginu WT1 u jednotlivych
vyvojovych stadii (zejménaftipsrovnani hematopoetickych prekurzoas perifernich
leukocyti). Proto jsme provedli detaij$i analyzu vzori bunéénych linii postihujicich
Siroké spektrum hladin exprese mMRNATL1 (cca 3iady). Detekce proteinu WT1
v téchto vzorcich v8ak neprokazala jeho korelaci sihtadi mRNA. Tuto diskrepanci
Ize interpretovat &kolika zpisoby. Je #&jmé, Ze charakteristiky jednotlivych metod
detekujicich protein WT1 (IFM, PC, WB) se liSi gige senzitivita ani zdaleka
nedosahuje paramétqgPCR. Na zakladnasich vysledk Ize tedy spekulovat, zda je
vabec realné tyto hodnotyiimo korelovat. OdliSné hladiny mRNA a proteinu WT1
mohou také odrazet jejich odliSnou kinetiku wikéch, & uZz normalnich ¢i
nadorovych. Na diskrepantnich nalezech s&zempodilet i arteficialni charakter
burg¢nych linii, u nichz se mohou upkatvat odliSné pozadavky na mnozstvi a role
proteinu WT1 nez wn vivo podminkach.

Vzhledem k faktu, Ze jsme neprokazali korelaci mRalfroteinu WT1, nabizi se
otazka, zda jsou naSe vysledky ziskané analyzou ARdevantni. Protoze byl
opakovag prokazany vztah mezi hladinou mMRNAT1 a klinickymi ¢i molekularrg
biologickymi charakteristikami u paciéns leukémiemi i dalSimi malignitami, |zéci,

Ze kvantifikace exprese mMRNAVTL1 je akceptovana validni metoda s klinickym
vyznamem. Nelze vSak vyvozovat expresi proteinu WeTiladiny jeho mRNA a
opan¢. Stanoveni vyznamu exprese proteinu WT1 tedy budmadovat je&t dalSi

studie.
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V poslednicasti jsme se pokusili stanovit diferenci@liiagnosticky algoritmus pro
rozliSeni mezi RC a AA. S@asna diagnostikat¢hto dvou onemocmi je zaloZzen&
piedevsim na morfologickém a histopatologickém hodnd&D a je tedy v &kterych
piipadech nedostajici. Pilotni vysledky prokazaly signifikantni mbity v expresivTl
jak mezi RC a AA, tak i vramci podskupin MDS. Tms&iny algoritmus zahrnuje
krom& hodnoceni CD3%? a CD117° prekurzofi a pongru CD19/CD34 také hladiny

expreseNT1la nEl by usnadnit diagnostiku obou onemeéeh
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Zaveér

Studium genuWT1 odkryva stalé nové poznatky o jeho vyznamu uuzeffjSich
typt nddoti a premalignich syndroim Vzhledem k jeho prawgodobré zdsadnimu
postaveni v karcinogenezi je proto povaZzovan Zangliterapeuticky cil, zejména u
hematologickych malignit. Iies Siroké spektrum doposud publikovanych studle sta
nezname jeho konkrétni fyziologickou respektiveofmagickou funkci.

V ramci predkladané prace jsme studovali vyznam g&dlil a jeho izoforem
v nékolika dalezitych aspektech. Stanovili jsme prognosticky ngim diagnostické a
pied- a potransplantai hladiny WT1 u dtské AML a zhodnotili jsme jeho mozné
vyuziti ke sledovani MRN u transplantovanych paitieRrokazali jsme, Ze z hlediska
detekce MRN je PK vhodysi material pro kvantifikacwWT1lnez KD. NaSe vysledky
dale naznély vyznam genuNT1pro diferencialni diagnostiku MDS typu RC a AA.

Prokézali jsme také, Ze kvantifikad&T1 ve vzorcich paciefit s AML neni
negativié¢ ovlivnéna g@itomnosti mutaci vtomto genu. Tyto vysledky maglky
vyznam pro mnoho doposud publikovanych studii, del@Sina mutaci v genMWT1
zasahuje do oblasti, kde jsou lokalizovany gPCRésyg pouzivané ke kvantifikaci
expresenNT1l

PrestoZe jsme nepotvrdili korelaci hladiny mRNA atmou WT1, pedpokladame,
Ze studie zaloZzené na analyze mRNWI], i presto poskytuji relevantni a velmi
hodnotné vysledky zejména z klinického hlediska.

NaSim hlavnim cilem vSak bylo studium expresnihafijor izoforem genuWT1 u
pacienti s hematologickymi malignitami. Padla se nam vyvinout unikatni metodiku,
kterd umo#uje kvantifikaci varianWT1 v nejitizngjSich tkanich @ jiz fyziologického
¢i maligniho mivodu. NaSe pilotni analyza ukazal&elvapiv uniformni pongr
izoforem WT1 u pacieni s AML. Jedna se o naprosto unikatni studii &@mou na
vyznam expresnich varialfT1u AML a také prvni studii tohoto druhu zaloZzenau n
relevnatni metodice jejich detekce. NaSe vysled&lget poukdzaly na nedostatky
nekterych dive publikovanych dat.

Vradmci studia biologickych i¢in vzniku hematologickych malignit pat
problematika genWT1 mezi intenzivié studovana témata, zejména v oblastski i
dosglé AML. Vysledky této prace poukazaly na mnoho rmawych vlastnosti genu
WTL znichZ fada niize mit klinicky dopad, a vyznamnym tmgobem pispely
k prohloubeni naSich znalosti o r®iT1a jeho izoforem u AML. redpokladame take,
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Ze nami vyvinutd metodika bude pouzita v dalSictvamgjicich studiich, které
definitivné stanovi vyznam izoforenWT1 a @ispéji k objasini diskrepanci, které

studium genWT1stale doprovazeji.
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Abstrakt

Vysokou expresi genu Wilmsova tumoru WT1) nachazime u &sSiny akutnich
leukémii a dalSich hematologickych malig’'WT1 je proto povaZzovan za potencialni
univerzalni marker minimalni rezidualni nemoci (MRMejména u pacieints akutni
myeloidni leukémii (AML). Jiné studie vSak tyto \g&ky nepotvrdily a role genwT1
ve sledovani MRN stefn jako jeho prognosticka signifikance takistavaji stale
nejasne.

Existuje vice nez 36 variant geMT1, které maji odliSn&asté&né se fgekryvajici
funkce a jejich porr vyznamnym zfisobem ovliviuje vyslednou funkciwTl
Vzhledem k nedostatku publikovanych dat a abseslevantni metodiky vSak doposud
nebyl objastn konkrétni vyznam expresniho profilu izofor&i 1

V rdmci hlavniho cile této prace jsme vyvinuli udtiki metodiku pro kvantifikaci 4
hlavnich izoforemWT1 a stanovili jejich expresni profil ve vzorcich pati s AML,
myelodysplastickym syndromem (MDS) a zdravych kaointExpresni vzorec izoforem
WT1 se liSi mezi konkrétnimi diagndézami, ale v rameiného typu malignity je
prekvapiw uniformni a nezavisi na hlagdincelkového WT1 Neprokazali jsme
souvislost profilu izoforenWT1s progndzou pacieint

Nasim dalSim cilem bylo definitivni stanoveni progtického vyznamu celkové
expreseWT1 u ctské AML v ramci mezinarodni spoluprace. Vysledkyalgzy
rozsahlé kohorty pacieinukazaly, ZaNT1neni nezavisly prognosticky faktor pr@lbé
détské AML. V ramci spoluprace byla provedena takéaimi analyzadchto pacient.
Prestozecast mutaci v genWT1 zasahuje do oblasti lokalizace qPCR systému pro
detekciWT]1, prokazali jsme, Ze tyto mutace neoiiliyi kvantifikaci expres&VT1

Kromé diagnostické expres&/T1jsme stanovili také prognosticky vyznam hladiny
expreseNT1pred a a po transplantaci kostiiet. NaSe vysledky neprokazaly vyznam
hladiny WT1 v téchto casovych bodech¢i jejiho kontinualniho sledovani
v posttansplantaim obdobi pro usi$nost Iéby transplantovanych paciéng AML.

V rdmci studia genWT1jsme se za#fili také na jeho potenciél v detekci MRN u
détské AML. RestoZe ¥tSina studii zakrenych na toto téma je zaloZena na analyze
vzorka kostni derg, zjistili jsme, Ze pro tel sledovani MRN fedstavuje periferni krev
vhodrgjSi material pro kvantifikaci expreS§T1

Souwasti této prace bylo také srovnani exprese WT1lraani mRNA a proteinu.
PrestoZze jsme neprokazali korelagchto dvou hladin, domnivame se, Ze studie
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zaloZzené na analyze mRNWT1 poskytuji relevantni a velmi hodnotné vysledky
zejména z klinického hlediska.

Vysledky pilotni analyzy posledniasti této prace poukazaly na mozné vyuziti
kvantifikaci exprese WT1 v ramci diferenciélrdiagnostického algoritmu, ktery je
schopen lépe odliSit pacienty s refrakterni cytdparaplastickou anémii nez doposud
pouzivané morfologické a cytochemické charaktéamqysti

Tato prace pinesla novy pohled na roli geMiT1a jeho izoforem v hematopoéze i
leukemogenezi a poukazala na mozny vyznam ¢pomzoforem WT1 v maligni
transformaci hematopoietickych hbikn
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Abstract

Wilms’ tumor gene 1 \WTJ) is highly expressed in acute leukemia and other
hematological malignancies. It has been therefoggested as a potential universal
marker of minimal residual disease (MRD), particylan patients with acute myeloid
leukemia (AML). Due to controversial results of sowf the studies, the role WT1in
MRD follow-up and WT1 prognostic significance remainclear.

WT1 protein is produced in more than 36 differesaforms. These variants have
distinct, partially overlapping functions and thetio is supposed to influence the final
effect of WT1 However, despite the increasing number of studiesglinical impact of
WT1and its isoforms in acute leukemia have not yenbaucidated.

We established a unique gPCR method to assesgphession pattern of the main 4
WT1 isoforms. Using this method, we determined théraf WT1 variants in the
samples of patients with AML, myelodysplastic syorde (MDS) and healthy controls.
Our data showed that this pattern can distinguistorey particular hematological
malignancies, but lacks a prognostic significance.

Within our international study group we determirted prognostic significance of
total WT1 expression in childhood AML. Based on our reswitsa large cohort of
patients we can conclude th®T1 expression at diagnosis is not an independent
prognostic factor for the outcome of pediatric AMYutation analysis of this cohort
showed no impact VT 1mutations on the quantification of its expression.

In addition to evaluating the prognostic significarof WT1 at diagnosis, we also
investigated the impact of pre/post-transplantakemels of WT1 expression in patients
with childhood AML undergoing stem-cell transplama (SCT). In contrast to some
previously published data, we could not observedhnycal relevance of either pre/post
SCT expression aVT1or monitoring ofWT1lexpression after SCT in pediatric AML.

In the majority of studies on childhood AMIYT1detection is realized by analysis
of bone marrow (BM) samples, although there areesanmggestions that peripheral
blood (PB) is more suitable for this purpose. Témults of our analysis suggest that PB
can provide more useful information on MRD in chibded AML.

Although we could not confirm the correlation of WMRNA and protein level, it
has been shown that the studies on the clinicaVagice oMWT1that were based on the

analysis of mMRNA level provide relevant and consleislata.
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Lastly, analysis of patients with MDS supported thwolvement of WT1
quantification into the diagnostic algorithm thdtosald help in differential diagnosis
between patients with refractory cytopenia andsj@anemia.

In conclusion, this study has brought seveoalel aspects of the role WT1gene
and its isoforms in hematopoiesis and leukemogsrag®l underlined the importance of
WT1isoform expression pattern in malignant transfdromaof hematopoietic cells.
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Obr. 5 — Korelace celkové hladinyT1la sowtu jednotlivych izoforem
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Obr. 6 — Srovnani celkové hladilyT1a sodtu jednotlivych izoforem
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Obr. 8 — Hladiny genWT21u leukemickych linii (Kasumi-1, NB-4,
MV4;11, K562, RS4;11, REH, NALM6 a UOCB®6)
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Obr. 12 — Stabilita celkové hladiyT1a expresniho vzorce izoforeMT1béhem kultivace linie MV4;11
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Obr. 17 — Exprese izoforedvT1u FLT3/ITD pozitivnich resp. negativnich
pacienti s cttskou AML

A
[ 2}
= 0.8 C
o D
S
R W 0.6
+
o 2 0.4
(2]
o
<
L 02'
0ol L1

Obr. 18 — Exprese izoforedWT1u pacieni standardniho vs. vysokého

rizika
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Obr. 20 — Rozdleni pacieni do skupin v klastrové analyze podle

expresniho vzorce izoforem WT1
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Obr. 23 — Hladina expred®T1v rdmci morfologicky definovanych
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Obr. 32 — Hladina expred®T1ve vzorcich KD a PK pacieins AML —
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Obr. 34 — Expres@/T1ve vzorcich KD a PK v ramci morfologickych
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Obr. 41 — Hladina genwT1po TKD u pacieris AML a jejich OS status
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Real-time PCR quantification of major Wilms’ tumor gene 1 (WTI)
1soforms in acute myeloid leukemia, their characteristic expression
patterns and possible functional consequences

K Kramarzova', J Stuchly', A Willasch?, B Gruhn?, J Schwarz®, J Cermak®, K Machova-Polakova®, O Fuchs®, J Stary’, J Trka'

and L Boublikova'

Wilms” tumor gene 1 (WTT) functions including some contradictory effects may be explained by the presence and interactions of its
isoforms, however, their evaluation has been so far complicated by several technical problems. We designed unique quantitative
PCR systems for direct quantification of the major WT7 isoforms A[EX5 — /KTS —1, B[+/—1 C[—/+1and D[+ /+] and verified
their sensitivity, specificity and reproducibility in extensive testing. With this method we evaluated WT7 total and isoform
expression in 23 normal bone marrow (BM) samples, 73 childhood acute myeloid leukemia (AML), 20 childhood myelodysplastic
syndrome (MDS), 9 childhood severe aplastic anemia (SAA), 30 adult AML and 29 adult MDS patients. WT1 isoform patterns showed
differences among these samples and clustered them into groups representing the specific diagnoses (P<20.0001). Isoform profiles
were independent of total WT1 expression and possess certain common features—overexpression of isoform D and EX5[ +]
variants. The KTS[+ )/KTS[ — ] ratio was less variable than the EX5[+ [/EX5[ — ] ratio and differed between children and adults
(P<0.001); the EX5[+ 1/EX5[ —] ratio varied between diagnoses (AML vs MDS, P<0.001). These findings bring new insights into
WTT isoform function and suggest that the ratio of WT1 isoforms, particularly EX5 variants, is probably crucial for the process of

malignant transformation.
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(qPCR)

INTRODUCTION
Wilms” tumor gene 1 (WT1) has been intensively studied because of
its important role in embryogenesis and oncogenesis, as a
potential new prognostic factor, minimal residual disease marker
and target of vaccination immunotherapy in various malignancies,
particularly in acute myeloid leukemia (AML; reviewed'~7).
Although there is an increasing number of genes and signaling
pathways WTT has been shown to interact with, the actual
relevance and input of WTT to the malignant process has yet to be
elucidated. It seems probable that at least several aspects influence
and contribute to the final outcome of the WTT pro- or anti-
oncogenic effect: deregulation of WTT expression, discrepancy in
the proportion of functionally differing WT7 isoforms, interactions
with other factors and cofactors and the particular status and
perceptiveness of the cell. Disturbed WTT regulatory function may
alter the mesenchymal-epithelial balance, resulting in malignant
proliferation as well as non-malignant diseases associated with the
WTT gene (for example, gIomf-_'arulosclerosis).ﬁ'g

WTT is located on chromosome 11p13 and encodes a zinc-
finger transcription factor. It activates or more often represses the
transcription of many target genes involved in the cell cycle,
proliferation, differentiation and apoptosis control, and is also
involved in post-transcriptional mRNA processing.>'%-'2 At least

36 isoforms of WT1 protein are produced from the same DNA
template as a result of alternative transcription initiation, alter-
native pre-mRNA splicing, mRNA editing and alternative translation
initiation.!#*%13-18 The four major WTT isoforms are generated
by an alternative splicing and vary in the presence or absence
of so called 17AA insert (17 aming acids encoded by the whole
exon 5) and KTS insert (according to the three amino acids leucine—
threonine-serine encoded by the terminal sequence of exon 9)—
WTT variants A [EX5 — /KTS — 1, B [EX5 4+ /KTS — ], C[EX5 — /KTS +]
and D [FX5+/KTS+1.9-23 An alternative WTT transcript, AWT!
(also short transcript, sSWT1), maintains WTT exonic structure between
exons 2 and 10 but uses another first exon located in intron 1 of
WTT (exon 1a). It may otherwise exist in all splicing variants char-
acteristic of WT1.1%15 Another N-terminally truncated transcript,
lacking exons 1-5, has been previously described and the presence
of a cryptic promoter within WT7 intron 5 hypothesized 252 All of
these modifications markedly influence the activity of WT1 protein.
The KTS insert is located between the protein’'s third and fourth
zinc finger and alters the spacing between these fingers, changing
the DNA recognition site and decreasing the DNA-binding ability.
The 17AA (EX5) insert is located in the middle of the protein and may
function as a transcriptional activation domain. The AWTT transcript
does not contain the repression domain (Figure 1).'214152627
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Figure 1.

Scheme of WTT gene and protein and gPCR detection systems. WTI1 gene and its products (a)-alternative splice sites are

crosshatched, black arrows indicate alternative transcription initiation sites. gPCR detection systems for total WT7 and its main isoforms
(b)-primers indicated by gray arrows, probes by black rectangles, their detailed description is given in Table 2.

Isoforms containing both splice inserts are the prevalent variants,
the least common transcripts are those missing both inserts,
and the physiclogical ratio of AL—/—1: B[+/—]1: C[—/+]:
D[+/+] seems to be stable during the development of WT7
expressing tissues; for fetal kidney and Wilms’ tumors, the ratio
referred is 1.0 : 2.5 : 3.8 : 8.3.19 An altered ratio of W71 KTS[+1/
KTS[ —1] variants caused by defective splicing has been described
in rare pre-malignant syndromes (Frasier syndrome, Denys-Drash
syndrome).2231 In AML, significantly higher expression levels of
EX5[+] wvariants at diagnosis and at relapse have been
detected.?53233 |n addition, the alternative AWT1 transcript has
been found to be overexpressed in leukemia samples.'>*
Functional studies suggest that many of WTT effects are related
to particular WT7 isoforms,820-35-40

The available data on WT7 isoform expression patterns in
normal and malignant hematopoiesis are scarce and the methods
so far used for the detection of WTT major isoforms (reverse
transcriptase PCR, GeneScan, quantitative PCR of EX5[+] and
KTS[+] variants) have only yielded an approximate estimation of
WTT isoform levels.

The main aim of this project was to design and optimize a real-
time quantitative PCR (gPCR) method that would enable precise
quantification of the four major WTT variants, and using this
method to determine the ratio of WTT isoforms in healthy donors,
leukemic cell lines, childhood and adult AML and in myelodys-
plastic syndrome (MDS) samples, to demonstrate their clinical
relevance.

Leukemia (2012) 1-10

MATERIALS AND METHODS
Samples

Cell lines. Eight leukemic cell lines (Supplementary Table S1) were
cultured according to the supplier's recommendations. They were used for
method optimization, validation studies and as positive controls.

For tests of WTT expression stability, cell lines were harvested (in
triplicate) 24, 48 and 72 h after the start of culture and further processed.

Patients samples. Following ethical committee approval and informed
consent, 73 diaghostic BM samples from childhood patients with AML
treated from 1994 to 2009 in the Czech Pediatric Hematology Working
Group centers and at the University Hospital in Jena, Germany, were
collected on a consecutive basis. For comparison, further diagnostic BM
samples from related diseases were tested, including 20 samples of
childhood MDS, 9 samples of childhood SAA, both diagnosed and treated
from 1994 to 2011 in the same hospitals, 30 samples from adult AML and
29 from adult MDS, managed from 1998 to 2011 in the Institute of
Hematology and Blood Transfusion, Prague, Czech Republic (Table 1).

In addition, 23 non-malignant BM samples were used as negative
controls. These were obtained from healthy donors or from leukemia
patients in long-term complete remission with confirmed MRD negativity.

Methods

Sample processing. BM samples were collected into sterile tubes with
anticoagulant, immediately transported to the lab and processed. Mono-
nuclear cells were separated on a density gradient medium (Ficoll-Paque
Plus, GE Healthcare Life Sciences, Uppsala, Sweden) and stored at —80°C.
RNA was isoclated using an RNeasy Mini Kit (Qiagen, Hilden, Germany),
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Table 1. Patients’ characteristics
AML Childhood Adult
Total no. of patients 73 30
M/F 34/38 1317
Age—median (range) [years] 11 (0-19) 501{19-72)
Subtypes

MO 2 2

M1 10 2

M2 19 10

M3 B 3

M4 18 10

M5 14 2

Mo 0 1

M7 2 0
Melecular aberrations

(15:17) PML-RARA 8 3

t(8;21) AML1-ETO 6 1

inv(1a) MYH11-CBFB 11 2

t(11g23) MLL rearrangements 13 0

FLT3-TD* 9 13
Th. protocols AML-BFM 98 national

. and 2004 protocols
Risk groups

Standard 30 6

Intermediate NA 20

High® 43 2
Follow-up—median (range) [months] 47 (1-173) 8 (1-21)
Relapse 24 12
Died of leukemia 25 12

Other cause 0 o
MDS Childhood Adult
Total no. of patients 20 29
M/F 12/8 1811
Age—median (range) [years] 10 (1-19) 68 (46-89)
Subtypes

RC/RA 13 4

RARS 0 10

RCMD 0 10

RAEB 3] 5

JMML 1 0
Th. protocols EWOG-MDS national

1998 and 2006 protocols

Follow-up—median {range) [months] 23 (1-203) 15 (2-158)
Progression to AML 2 2
Died of MDS/AML 3 6

Other cause 0 o
SAA Childhood Aduilt
Total no. of patients 8 —
M/F 5/4 —
Age—median (range) [years] 13 (1-18) —
Follow-up—median ({range) [months] 16 (5-32) —
Died of SAA Q —

Other cause 0 —
Abbreviations: AML, acute myeloid leukemia; BM, bene marrow; M/F, male/
female; MDS, myelodysplastic syndrome; MLL, mixed lineage leukemia;
MRC, Medical Research Council; NA, not applicable; SAA, severe aplastic
anemia; Th., therapy. In 15 childhood AML patients the FLT3 status is not
known. “Risk group stratification of childhood AML (AML-BFM 98 and
2004): standard risk—FAB M1/M2 with Auer rods, M3, M4eo, Down's
syndrome, t(8;21), t(15;17), inv(16), and < 5% of blasts in BM at D15 (except
M3); high risk—others. Risk group stratification of adult AML (MRC
classification): standard (favorable) risk—t(8;21), t(1517), inv(16); inter-
mediate risk—others; high (adverse) risk—abn(3g), del(5q), 5/ -7,
complex caryotype, and no favorable aberration; for two adult AML
patients the risk stratification is not available.
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its concentration was evaluated by spectrophotometry (Nanodrop, Thermo
Fisher Scientific, Waltham, MA, USA). The cDNA synthesis was performed
using the iScript kit (Bio-Rad, Hercules, CA, USA) starting from 1 pg of total RNA.

GPCR for total WT1. Quantification of total WTi expression was per-
formed by gPCR of our own design? which performance is quite
comparable with a commercially available WT1 kit (WT1 ProfileQuant,
Ipsogen, Marseille, France).

Capillary electrophoresis and fragment analysis (GeneScan) detection
of WT1 isoforms.  As a reference method, detection of WTT isoforms was
performed by capillary electrophoresis and fragment analysis as described
previously *2

RT-PCR for WTT isoforms. RT-PCR assays for separate detection of the
four main WTT isoforms were established with several sets of primers
located on exon 5 (EX5+), the exon 4/exon 6 boundary (EX5—), KTS
(KTS +) and the exon 9/exon 10 boundary (KTS —). PCR products were
analyzed by electropharesis on agarose gel or by capillary electrophoresis
(Agilent 2100 Bioanalyzer, Agilent Technologies, Santa Clara, CA, USA), as
described elsewhere.

Plasmid calibrators for WT1 isoforms.  Products of RT-PCR with primers
located on exon 4 and exon 10 of WTT gene were cloned using the TOPO
TA Cloning kit (Invitrogen, Life Technologies, Carlsbad, CA, USA) as
described previously.®! The WT7 isoforms were identified by RT-PCR and
selected clones were used for bulk plasmid production. Sets of calibrators
for WT1 A, B, C and D isoforms with final concentrations of 10° 10% 10,
10% and 10' copies per 5l were prepared.

gPCR for WTT isoforms. Detection of the WTT isoforms A[EXS — /KTS — ],
B[+/-1C[—/+] and D[+/+] by gPCR is problematic because of the
length of the amplicon (~460 bases) and high sequence homology
between KTS[ +] and KTS[ -1 variants. To overcome these difficulties, we
tested several approaches: (i) different amplification enzymes and PCR
mixes; (i} different primer designs (including short primers, primers with
introduced point mutations/mismatches close to the 3-end); and (iii) other
concepts that could increase the sensitivity and specificity of the reactions
(for example, touch-down PCR). Plasmids, cell lines, patient and donor
samples were used as controls. The reactions characteristics were
compared with those of gPCR for total WTT and for the control gene
ABL®™% For further reference and correlation, qPCR reactions detecting
only one of the two splicing regions—variants EX5[+1, EX5[ -1, KTS[+1]
and KTS[ — ] were established. The efficacy of gPCR assays was also validated
against the results of RT-PCR and GeneScan detection of WTT isoforms.

The final optimized primer design and reaction conditions are
summarized in Figure 1 and Table 2. The gPCR reaction was performed
on the Applied Biosystems 7500 Fast Real-Time PCR System (Applied
Biosystems, Life Technologies, Carlsbad, CA, USA) or LightCycler 480
(Roche Diagnostics, Basel, Switzerland). ABL was used as a control gene;
detection of WTT was carried out in triplicate, detection of ABL and
calibrators in duplicate. Samples were considered positive if at least one
reaction of the replicate was positive, and negative if all reactions were
negative, within the detection range. WTT (total and isoform) and ABL copy
number and WTT normalized copy number (NCN=WT1/ABL x 10 were
calculated from the plasmid standard curves. The ratio of WTT isoforms
was counted as their proportion of all WTT isoforms sum. From the variants
EX5[+], EX5[—], KTS[+] and KTS[—], ratios of A, B, C and D isoforms
could also be estimated by multiplication of the ratios of these variants by
each other: the ratio of EX5[ — ] multiplied with the ratio of KTS[ —] yields
the ratio of isoform A; EX5[ +] with KTS[ -1 for iseform B; EX5[ —] with
KTS[+] for isoform C; and EX5[+] with KTS[+ ] for isoform D.33

Statistical analysis. Results were analyzed using statistical software
(Excel, Microsoft, Redmond, WA, USA; Prism, GraphPad, La Jolla, CA, USA;
R-project, Vienna, Austria). Correlations of results in between the different
assays were checked by non-parametric Spearman’s rank correlation.
Group comparisons were performed by non-parametric Kruskal-Wallis test
with Dunn’s multiple comparison post test. Possible dependence of WTT
isoform expression patterns on total WTT values was tested using linear
regression modeling. The prognostic potential of WTT isoform expression
was evaluated by logistic regression. Multinominal logistic regression was
used to assess the relation of total WTT and WTT isoform expression to
specific diagnoses and their ability to separate the particular diagnoses
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B

into discrete clusters. To compare the statistical model, zz tests on residual
deviance were performed. The principal compaonent analysis was used for
the dimensional reduction in visualization. Heatmaps were generated by
hierarchical clustering—Euclidean metric—Ward linkage. The relation of
particular WTT isoforms to each other and the independence of their
splicing was estimated by linear regression.

RESULTS
qPCR for WTT isoforms—assay performance

Sensitivity. The main characteristics of standard curves generated
by plasmid calibrators and cell line 10-fold dilution series were
quite comparable with those of qPCR for total WTT and ABL
control gene (slope 3.19 to — 3.40, intercept 38.45-38.87, mean G
of 10° coples 21.80-23.00 for plasmid calibrators). The reliable
sensitivity threshold for each isoform was identified as 10" plasmid
copies, which was the lowest plasmid concentration used; it
always generated positive results, in each reaction in replicates
and for each of the four detected isoforms. Addition of the other
three isoforms in much higher concentrations (10° copies of each)
did not affect this sensitivity (Supplementary Figure 51). The
sensitivity of various cell line dilution series reached 10~ 2to 104,
depending on their total WTT expression level.

Specificity.  In extensive testing, no unspecific, cross-reaction posi-
tivity was detected within the detection range (cycles 11 — 40).
The reactions for any of the three isoforms other than the specific
one, even in high plasmid concentrations of 10° copies, were
always negative (very weak positivities were noticed with non-
specific plasmids in high concentrations of 10° copies coming up
after cycle 41, at least 6 cycles after the positivity of the specific
plasmid in the lowest concentration 10" copies. Supplementary
Figure 51).

Reproducibility. Variations in detected levels and ratios of WT71
isoforms within the same samples were minimal, as confirmed by
multiple processing and testing of the samples—in replicates (six
replicates) and in repeated experiments. These validation experi-
ments were performed by two independent investigators, using
two different qPCR systems (AB 7500, Roche LC480). There was an
excellent correlation between the sum of WT1 isoforms and the
measured total WTT expression (Spearman’s rank correlation,
Rho=0.972, P=0.0001); in absolute values, the sum of WTI
isoforms was 0.5-1.0 log lower than the amount of total WT7. In
cell line dilution experiments, WTT isoform ratios remained
constant in samples with total WT1 expressionz100 copies
and/or the sum of WTT isoform expression = 10 copies. In cases
of lower—that means very low—WT! expression, the deter-
mined WTT isoform ratio may not be correct and its
interpretation therefore impossible. Detection of WTT isoforms
by qPCR demonstrated higher sensitivity and accuracy than
RT-PCR and GeneScan assays.

WTT1 isoform expression in leukemic cell lines

WT1 isoform expression patterns in different leukemic cell lines.
Total WTT expression in leukemic cell lines ranged from 98 to
71915 WT1/ABL x 10* NCN (Figure 2). WTT isoform expression
patterns were quite diverse among different cell lines, however,
the predominance of isoform D[+ /+] and overexpression of
EX5[+] variants were characteristic of all cell lines (Kruskal-Wallis,
P=0.0001). The ratio of KTS[+1/KTS[ -1 variants seemed to be
much more stable across the cell lines than the EX5[+ /EX5[ —1
ratio (Figure 2).

Stability of WTT1 isoform expression in cells.  Although the total WT71
expression levels fluctuated slightly at different time-points of

harvest, the ratio of WTT isoforms remained very stable during cell
growth (Supplementary Figure 52).
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WT1 isoform expression in clinical samples

WTT isoform expression in control samples. In 23 normal and
remission BM, total WTT expression detected was within the
physiological levels, with a median of 29 WT1/ABL x 10% NCN
(range 0-595; Figure 3). These very low levels of total WT1
unfortunately precluded valid analysis of WTT isoforms in the
majority of control samples. The only healthy BM sample analyzed
revealed a substantial overexpression of isoform D, with a ratio of
0.12: 0.18 : 0.17 : 0.53 for isoforms A, B, C and D, respectively. In
two additional samples, EX5[—1, EX5[+], KTS[—] and KTS[+]
variants could be detected and the ratio of A, B, C and D isoforms
calculated (as described in Methods). WTT isoform expression
patterns established in this way were close to the one detected by
direct assessment of isoforms A, B, C and D, the ratio of medians
for A, B, C and D being 0.02 : 0.11 : 0.14 : 0.73, respectively.
Altogether, expression of WTT isofarms in control normal and non-
malignant BM showed a consistent pattern with high prevalence
of isoform D= CaB=>A.

WT1 isoform expression pattern in childhood AML. The median
level of total WTT expression in 73 childhood AML samples was
2058 WT1/ABL x 10° NCN, with a range of 0-251786 NCN
(Figure 3), allowing the analysis of WT7 isoforms in 57 samples.
In the majority of them, a common profile of WTT isoforms could
be detected, with the overexpression of EX5[+ ] variants and the
predominance of isoform D, the median ratio of A, B, C and D
being 0.09 : 0.25 : 0.11 : 0.55, respectively (D=>B=CaA).
Despite the significant differences in total WT7 expression
levels of morphologically and cytogenetically defined sub-
groups, the ratio of WT7 isoforms was constant across these
subgroups (Figure 4). Children with the FLT3/ITD mutation had
the same WT1 isoform profile as those with the wild-type FLT3
gene; the same applied to patients of different risk groups.
Relapsed patients had an identical WT7 isoform pattern to
patients who remained in complete remission, and no relation
between the isoform ratio and the risk of relapse could be
observed in logistic regression analysis.

WT1 isoform expression patterns in childhood MDS and SAA. A
total of 20 patients with childhood MDS expressed total WTT at
significantly lower levels compared with AML (median 196, range
0-4221 WT1/ABL x 10* NCN; P=0.003); in RAEB subtype, the total
WT1 expression was higher (638, 325-2645 NCN) and less fluc-
tuating than in RC subtype (22, 0-4221 NCN; Figures 3 and 4). The
analysis of WTT isoforms could be performed in 12 patients with
sufficient total WTT levels. In comparison with AML, different
and more variable ratios of WTT isoforms were found in children
with MDS, with an abundance of variant D and similar levels of
isoforms A, B and C—the median ratic of A, B, C and D was
0.16 : 0.15: 0.17 : 046, D> CaxBa~A.

SAA was associated with very low total WT1 expression, similar
to or even lower than physiological WT1 expression in control BM
samples (median 4, range 2-26 WT1/ABL x 10* NCN; Figure 3).
Therefore, analyses of WTT isoforms in SAA patients could not be
performed.

WT1 isoform expression patterns in adult AML and MDS. The
median total WT1 expression in 30 adults with AML was 3446
WT1/ABL x 10* NCN (range 2-23579), which was comparable to
the level detected in childhood AML (Figure 3). In 27 patients,
analyzed for the expression pattern of WT1 isoforms, the median
ratio of the isoforms A, B, C and D was 0.13 : 0.31 : 0.13 : 045,
respectively, D> B> Ca A. Variations among adult patients were
smaller compared with the childhood data. Although there were
differences in the levels of respective variants between adults
and children, the general expression profile of WT1 isoforms
was uniform in both types of AML. Likewise, the ratio of WTT
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Table 2. gPCR detection systems for total WTT and its main isoforms

Primers and probes

Primer/probe code 57 Position (size) Sequence 5-3" and exon location
WT1-fwd 1257 (21) TAC ACA CGC ACG GTG TCT TCA
= exon & =
WT1-rvs 1342 (21) CTC AGA TGC CGA CCA TAC AAG
- axon 7 =
EX5( — )-fwd 1125 (19) GAG CCA CCT TAA AGG GCC A
- exon 4 " exon 6
EX5(+ )-fwd 1171 (20) ATG GAC AGA AGG GCA GAG CA
axon 5 v
KTS(—)-rvs 1639 (22) GCT GAA GGG CTT TTCACC TGT A
- axon 10 " Texon 8
KTS(+)-rvs 1638 (25) CTGAAG GGCTTTTCACTT GTTTTAC
= axon 10 e KTS g
KTS{com)-fwd 1501 (24) GCT CAA AAG ACA CCA AAG GAG ACA
- exon B =
WT1-probe 1279 (25) BFAM-AGG CAT TCA GGA TGT GCG ACG TGT G-TAMRA
exon & - exon 7 v
KTS-probe 1562 (24) 6FAM-CGA AAG TTC TCC CGG TCC GAC CAC-TAMRA
- axon 9 =

WT1 variants detected

WTI variant Fwd primer Probe Rvs primer Size of gPCR product
WT1—total WT1-fwd WT1-probe WT1-rvs 86
WT1—isoform A (—/—) EX5( — -fwd WT1-probe KTS{ — )}rvs 455
WT1—isoform B (+/—) EX5(+ fwd WT1-probe KTS{ —J-rvs 460
WT1—isoform C (—/+) EX5(— )-fwd WT1-probe KTS{ +)rvs 463
WT1—isoform D {(+/+) EX5(+ )-fwd WT1-probe KTS(+ }rvs 468
WT1—exon 5(—) EX5( — J-fwd WT1-probe WT1-rvs 167
WT1—exon 5 (+) EX5(+ )-fwd WT1-probe WT1-rvs 172
WT1-KTS () KTS{com)-fwd KTS-probe KTS{ — )-rvs 130
WT1-KTS (+) KTS{com}-fwd KTS-probe KTS{+ )}rvs 138

Reaction conditions

Component qPCR for total WT1 gPCR for WT1 isoforms
cDNA 5ul (10% of RT mixture) 5pl (10% of RT mixture)
Fwd primer (15 ) 0.5l (300 nm) 1 pl (600 nm)
Rvs primer (15 um) 0.5l (300 nm) 1 pl (600 num)
Probe (5 pm) 1 pl (200 nw) 1 pl (200 nwm)
dNTPs (10 mm) 2 pl (800 pm)
MgClz (25 mim) 2pl (2mm)
PCR buffer 10X 25l
Taq DNA polymerase (5 U/ul)® 0.2 ul
ROX-5 or ROX-6 (10 pm)® 0.1 pl (40nm)
Universal Master Mix 2X° 12.5pl
sdH,0 to total volume 25l 25ul
Incubation 50°C for 2 min 50°C for 2min
95°C for 10 min 95°C for 10min
50 cycles: 10 cycles of touch-down:
95°C for 155 95°C for 155
60 °C for 605 67-62.5°C for 60s
40 cycles:
95°C for 155
62°C for 60s

Abbreviations: WT1, Wilms” fumor gene 1; dNTPs, deoxyribonucleotide triphosphates; Fwd, forward; Rvs, reverse; gPCR, real-time quantitative PCR. All positions
correspond to WT1 mRNA variant D sequence, NM_024426.4; exon 5 sequence contains 51 bases (1141-1191) and KTS sequence 9 bases (1614-1622), which
are excluded in primers and WT1 variants lacking these regions. Note: performance of qPCR for WT1 isoforms was significantly worse with the use of universal
master mixes or AmpliTagq Gold DNA Polymerase (Applied Biosystems), in our hands; other enzymes were not tested. The system works well even without
initial 10 touch-down cycles—in specificity tests with plasmids no significant differences could be detected if touch-down was omitted; however, we use it and
recommend it as it may, from our experience, increase the specificity of detection in particular clinical samples. *Platinum Tag DNA Polymerase (Invitrogen)
or FastStart Taq DNA Polymerase (Roche). PIf required for the qPCR system. “TagMan Universal PCR Master Mix (Applied Biosystems) or FastStart Universal
Probe Master (Roche).
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WT1 expression in leukemic cell lines. Expression of WTT total and isoforms A, B, C and D in different leukemic cell lines (a);

expression of EX5[+ /[ -] and KTS[ 4 1/[ -] variants in the same cell lines (b).
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Expression of WTT total and isoforms A, B, C and D in patients’ samples. n refers to number of patients analyzed for total WT1

expression/WT1 isoform expression. P refers to results of Kruskal-Wallis tests with Dunn’s multiple comparison post tests.

isoforms was comparable among subgroups defined by FAB
subtype, the presence of genetic aberrations, the FLT3 mutation
status or risk stratification. Relapsed patients had similar WT7
variant profiles to patients remaining in complete remission;
however, the regression model revealed that patients with higher
isoform B expression tended to have a higher risk of relapse
{logistic regression—significance of estimated parameter P = 0.063,
77 test on logistic regression model P=0.021).

Total WTT expression in 29 adult patients with MDS corre-
sponded to that of childhood MDS (median 65, range 1-3146
WT1/ABL x 10* NCN; Figure 3). Likewise the aforementioned
childhood samples, the seven adult MD5 samples analyzed
showed variable expression of WTI isoforms with median

Leukemia (2012) 1-10

ratios 0.12 : 022 : 0.21
respectively, D> Ca B> A.

: 041 for isoforms A, B, C and D,

Relation of WTT1 isoform expression patterns to diagnosis. Unsu-
pervised hierarchical cluster analysis according to the expression
pattern of WT1 isoforms indicated that the clinical samples could
be separated into discrete clusters representing the different
diagnoses. Multinominal logistic regression and y* tests on
residual deviance confirmed the significance of diagnosis
determination by WT1 isoform expression ratios and their sup-
eriority over total WT1 (P<0.0001; Figure 5). In linear regression,
WT1 isoform expression patterns proved to be independent of
total WTT expression.
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Figure 4.

WT1 expression in childhood AML and MDS WHO/FAB subtypes and cytogenetic subgroups. Expression of WTT total and isoforms A,

B, C and D in childhood AML divided according to the WHO/FAB subtypes (a), and cytogenetics (b), and childhood MDS divided according to

the WHO/FAB subtypes (c)
Kruskal-Wallis tests with Dunn’s multiple comparison post tests.

Expression of EX5[+JVEXS5[—] and KIS[+KTS[—] variants in
clinical samples.  As previously observed in cell lines, also in clinical
samples the EX5[+ I/EX5[ —] ratio showed quite high variability,
whereas the KTS[+I/KTS[—] ratio was rather stable. Further
analysis revealed that there were significantly higher EX5[+1/
EX5[—] ratios in AML than in MDS samples (Kruskal-Wallis,
P=0001). In contrast, the KTS[+ I/KTS[ — ] ratios differed between

© 2012 Macmillan Publishers Limited

. n refers to number of patients analyzed for total WT7 expression/ WTT isoform expression. P refers to results of

childhood samples (wider range with a trend to higher levels) and
adult samples (very uniform expression pattern), irrespective of
diagnosis (P<0.001; Figure é).

WT1 isoform splicing preferences. The comparison of expres-
sion levels of WTT isoforms A, B, C and D detected in all samples
directly and their values calculated from the expression levels
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of EX5[ —1, EX5[+1, KTS[ =1 and KTS[ + 1 isoforms (described in
Methods) revealed a consistent, small (mean 0.02) but
significant (t-test, P<0.0001) prevalence of isoforms A[—/—]
and D[+/+] over B[+/—] and C[—/+] than would be
expected if exon 5 and KTS insert were spliced quite randomly
and independently.

DISCUSSION

The exact quantification of the major WTT isoforms, essential for
assessment of their activities in regulatory processes and cellular
signaling, has been complicated by technical difficulties caused by
the length and sequence homology of the isoforms. We managed
to overcome these difficulties and, after testing several approa-
ches, developed a unique gqPCR assay enabling precise quantifica-
tion of the four major WT1 isoforms. The robustness of this
methaod, its sensitivity, specificity and reproducibility were verified
in extensive tests, and it may be recommended for any further
studies on WTT isoform expression. During the method validation,
a few important aspects of WTT isoform quantification emerged.
Despite the excellent correlation between the sum of isoforms and
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the total WTI, the absolute numbers of detected copies of all
isoforms are always lower than total WTT expression (0.5-1.0 log
in this study). Although it is possible that total WTT wvalues
include some other WTT isoforms than the four major detected
(for example, isoforms lacking the first five exons), the main reason of
this discrepancy will probably be the unequal performance of the
gPCR detection systems for total WTT and the isoforms, which
must be generally lower in cases of WTT isoforms with very long
amplicons. Although it means that the sensitivity of isoform
detection is slightly lower compared with total WTT, it is crucial
that the enumeration of their ratios is not affected, as follows from
dilution experiments. Owing to the potential unequal perfor-
mance of reactions for WTT isoforms and total WTT, we strongly
recommend to perform always detection of both EX5[—] and
EX5[+ 1, or KTS[ — ] and KTS[ + ] sites and not to deduce the values
of EX5[ 1] or KTS[—] from total WTT minus EX5[+] or KTS[+1,
respectively, which has been described previously and could give
misleading results. Dilution experiments also revealed that a
certain minimal level of WTT expression is necessary for a reliable
evaluation of isoform ratio; in samples with very low total WT7
expression and only few single copies of isoforms being detected,
evaluation of WTT isoform ratio is impossible or will be inaccurate.
This logical assay limitation should be considered especially
when comparing WTT isoform ratios in leukemic cells expres-
sing higher levels of total WTT and normal BM with quite
low total WT7 expression—otherwise the differences found
may not reflect the real imbalances in WTT ratios but rather
reaching the method limits in the control samples. With respect
to this fact, we would interpret the previously referred
differences between physiological and leukemic ratios of WTT
isoforms with caution.

In leukemic cell lines, highly diverse expression patterns of
WT1 isoforms were detected and no specific profile could be
assigned to cell lines with certain common characteristics
(leukemia type—lymphoid vs myeloid, cytogenetic aberrations—
TEL-AML1, MLL-AF4). The two most related cell lines (REH and
UQOC-B6, both pre-B-ALL with TEL-AMLT fusion) showed the most
different WTT isoform expression patterns; on the contrary, the
two cell lines with the most similar expression patterns, which
were distinct from the rest (NALM-6 and REH), do not share any
apparent common features other than pre-B origin. A plausible
explanation might be that the isoform expression pattern depends
on the growth phase and proliferation rate of the cells in culture
rather than on the cell line characteristics. We therefore evaluated
WTT1 isoform expression in three cell lines at several time-points
from the beginning of culture and showed that despite slight
fluctuation of total WTT expression, which has been described
previously and related to the cell cycle phase? the levels of
respective variants remained markedly stable. Thus, WTT isoform
expression patterns appear to be rather determined by the intrinsic
characteristics of the leukemic cells.

There were significant differences in total WTT expression in
clinical samples with particular diagnoses. In AML and MDS, there
were also different total WTT levels among distinct FAB subtypes
and subgroups with specific molecular aberrations. These findings
have been previously described and are in concordance with
results of other studies.*”>>

WT1 isaform expression patterns showed at first glance subtle
but significant differences among normal BM, AML and MDS, and
also between childhood and adult samples. These specific
patterns enabled the clustering of samples into groups represent-
ing the individual diagnoses. Although more profound alterations
of isoform profile could have been expected when comparing
normal, dysplastic and malignant BMs, it is not surprising that in
the complex and very precise regulatory mechanisms of WTT even
slight imbalance in isoform ratios may have considerable effect
and serious outcomes for the concerned cells. The isoform
expression patterns were more uniform in AML than in MDS,
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probably reflecting higher heterogeneity of MDS, with its potential
progression from BM harboring certain dysplastic features to BM
containing clearly malignant cells. On the other hand, despite
marked differences in expression of total WTI, we could not
observe any notable variations in WTT isoform ratios among
morphologically and cytogenetically defined subgroups of AML
and MDS. Similarly, as in case of leukemic cell lines, this may
indicate that the WTT isoform expression patterns are related to
specific biological attributes of the (pre)leukemic cells, indepen-
dent of other molecular or biological characteristics. In agreement
with previously published studies,'®32*3 we found isoform D
containing both splicing elements and EX5[+] variants to
be the most abundant in all samples and diagnoses. We proved
that the levels of isoform D are not dependent on total WTT levels;
thus, the overexpression of total WTT in malignancies is not
caused by the overexpression of isoform D, as sometimes
suggested.

We could not demonstrate a clear correlation between WTT
isoform profiles and the risk of relapse in AML; although in adult
AML, there was a trend (of borderline clinical significance) toward
higher risk of relapse associated with the overexpression of
isoform B. Here, a larger study would be of benefit to investigate
the prognostic potential of WTT isoforms.

The KTS[+1/KTS[—1] ratio was less variable than the EXS[+1/
EX5[—] ratio also in clinical samples. Interestingly, while the
EX5[+ J/EX5[ —] ratio differed more between diagnoses (AML vs
MDS), the KTS[+1/KTS[—] ratio was little dependent on the
diagnosis but rather seemed to be determined by the age of the
patients (children vs adults). On the basis of these findings and
data from previously published functional studies, we hypothesize
that while imbalances in EX5[+ I/EX5[ — ] expression may have a
role in the development of malignant and non-malignant diseases
associated with disrupted WTT function, KTS[ -+ 1/KTS[ — ] expres-
sion, evolutionary more conserved, may undergo minor shifts
from higher and variable to uniform lower levels during one’s life
and aging. This hypothesis may be supported by an evaluation of
WTT isoform and KTS[+1/KTS[ — ] ratios in normal children and
adult BM; unfortunately, the lack of such control samples and low
levels of total WTT expression precluding isoform analysis in most
of them make this aim hard to realize.

The two WTT splicing sites are supposed to function on an
autonomous basis and some studies evaluating the expression of
WTT isoforms indirectly by quantification of EXS[+ I/EX5[—] and
KTS[ + I/KTS[ — ] variants followed by mathematical calculation of
isoforms A, B, C and D relied on it.'%3232 We documented a
constant, small but not negligible overexpression of isoforms
containing or excluding both splicing elements (A[—/—1 and
D[+ /+1) than would be expected if exon 5 and KIS insert were
spliced quite randomly and independently. This cbservation may
add a new piece of information to the complex mosaic of WTT
structure and functions.

In summary, we designed a specific gPCR method of detection
of the four major WTT variants (A[—/—1, B[+/—1, C[—/+]and
D[+ /+ 1) that provides an excellent tool for future studies on WTT
isoform expression patterns. On various cell lines and cohorts of
childhood and adult patients with myeloid malignancies, we could
demonstrate that (i) the owverexpression of isoform D[+ /+]
and EX5[ +] variants is a common trait in all cells, expression
of isoform D being independent on total WTT expression;
(ii) childhood and adult AML and MDS diagnostic samples
express unique WTT isoform profiles but, in contrast to total
WT1, there is no relation between WTI1 isoform profiles
and morphologically or cytogenetically defined AML or MD5
subtypes; (i) the KTS[+1/KTS[— Iratio is much more stable
than the EX5[+1/EX5[—] ratio, EX5[ +1/EX5[ —] ratios differ
significantly between the diagnoses (AML vs MDS5) and their
imbalance may thus be implicated in disease progression,
while KTS[+1/KTS[ -] ratios seem to be related to the

© 2012 Macmillan Publishers Limited
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patient’s age; (iv) isoform splicing is not quite random event
with constant, mild preference for isoforms with or without
both splicing elements (A[—/—1 and D[+/+1); and (v) the
prognostic impact of WTT expression patterns on the outcome
of patients with hematological malignancies requires further
evaluation in larger studies.

CONFLICT OF INTEREST

The authors dedare no conflict of interest.

ACKNOWLEDGEMENTS

We thank Ondrej Cinek from the Department of Pediatrics, Pavel S3eeman from the
Department of Pediatric Neurology, Zdenek Sedlacek from the Institute of Medical
Biology and Genetics, 2nd Faculty of Medicine, Charles University in Prague, Olfert
Landt from TIB-MOLBIOL, Berlin, Germany and Fiona Quinn from the Cancer
Molecular Diagnostics Laboratory, 5t Jameas's Hospital, Dublin, for their invaluable
advice and experienced opinions during method development and testing. We also
appreciated the help of Katerina Muzikova, Ester Mejstrikova and Martina Sukova
from the Department of Pediatric Hematology and Oncology, 2nd Faculty of
Medicine, Charles University in Prague, and Jana Markova from the Institute of
Hematology and Blood Transfusion, Prague, with the identification and initial
processing of some samples, We thank the staff of the participating Czech Pediatric
Hematology Working Group centers for cooperation. This study is supported by the
grant IGA N510488-3. KK was supported by the Charles University (GAUK 81709)
solely and JT by the COST Program (OC 09051).

REFERENCES

Sugiyama H. Wilms' tumor gene WT1: its oncogenic function and clinical appli-

cation. Int J Hematol 2001; 73: 177-187.

Virappane P, Gale R, Hills R, Kakkas I, Summers K, Stevens J et al. Mutation of the

Wilms' tumor 1 gene is @ poor prognostic factor associated with chemotherapy

resistance in normal karyotype acute myeloid leukemia: the United Kingdom

Medical Research Council Adult Leukaemia Working Party. J Cfin Oncol 2008; 26:

5479-5435,

Scharnhorst W, van der Eb AJ, Jochemsen AG. WT1 proteins: functions in growth

and differentiation. Gene 2001; 273: 141-161.

Ellisen LW, Carlesso N, Cheng T, Scadden DT, Haber DA. The Wilms tumor sup-

pressor WT1 directs stage-specific quiescence and differentiation of human

hermatopoietic progenitor cells. EMBO J 2001; 20: 1897-1909.

Wagner KD, Wagner N, Sched| A, The complex life of WT1. J Cell 5o/ 2003; 116(Pt

9): 1653-1658.

Arfyaratana 3, Loeb DM. The role of the Wilms tumour gene (WT1) in normal and

malignant haematopoiesis. Expert Rev Mol Med 2007; 9: 1-17.

Yang L, Han Y, Suarez Saiz F, Minden MD. A tumor suppressor and oncogene: the

WT1 story. Leukemia 2007; 21: 868-876.

Burwell EA, McCarty GP, Simpson LA, Thompson KA, Loeb DM. Isoforms of Wilms'

tumor suppressor gene (WT1) have distinct effects on mammary epithelial cells.

Oncogene 2007; 26: 3423-3430.

Scholz H, Kirschner KM. Oxygen-dependent gene expression in development and

cancer: lessons learned from the Wilms' tumor gene, WT1. Front Mol Neurosci 4: 4.

10 Haber DA, Sohn RL, Buckler AJ, Pelletier J, Call KM, Housman DE. Alternative
splicing and genomic structure of the Wilms tumor gene WTT1. Proc Nat! Acad S
USA 1991; 88: 9918-9622.

11 Hewitt SM, Hamada S, McDonnell TJ, Rauscher 3rd FJ, Saunders GF. Regulation of
the proto-oncogenes bel-2 and c-myc by the Wilms' tumor suppressor gene WT1.
Cancer Res 1995; 55: 5386-5389.

12 Harrington MA, Konicek B, Song A, Xia XL, Fredericks WJ, Rauscher 3rd FJ. Inhi-
bition of colony-stimulating factor-1 promoter activity by the product of the
Wilms' tumor locus. J Biol Chem 1993; 268: 21271-21275.

13 Bruening W, Pelletier J. A nan-AUG translational initiation event generates novel
WT1 isoforms. J 8iol Chem 1996; 271: 8646-8654,

14 Dallosso AR, Hancock AL, Brown KW, Williams AC, Jackson 5, Malik K. Genomic
imprinting at the WT1 gene involves a novel coding transcript (AWT1) that shows
deregulation in Wilms' tumours. Hum Mol Genet 2004; 13: 405-415.

15 Hossain A, Nixon M, Kuo MT, Saunders GF. N-terminally truncated WT1 protein
with oncogenic properties overexpressed in leukemia. J 8iol Chem 2006; 281:
28122-28130.

16 Niksic M, Slight J, Sanford JR, Caceres JF, Hastie ND. The Wilms' tumour protein

(WT1) shuttles between nucleus and cytoplasm and is present in functional

polysomes. Hum Mol Gener 2004; 13: 463-471.

(]

w

s

w

=3

“

=

w0

Leukemia (2012) 1-10

116

o



WTT isofarms in acute myeloid leukemia
K Kramarzova et al

20

2

22

23

24

[
L

26

27

28

29

30

3

32

33

3

ke

[
0

36

3

=

Florio F, Cesaro E, Montano G, lzzo P, Miles C, Costanzo P. Biochemical and
functional interaction between ZNF224 and ZNF255, two members of the Krup-
pel-like zinc-finger protein family and WT1 protein isoforms. Hum Mol Genet 19:
3544-3556.

Dutton JR, Lahiri D, Ward A. Different isoforms of the Wilms' tumour protein WT1
have distinct patterns of distribution and trafficking within the nucleus. Cell Prolif
2006; 39: 519-535.

Wang ZY, Qiu QQ, Huang J, Gurrieri M, Deuel TF. Products of alternatively
spliced transcripts of the Wilms' tumor suppressor gene, wtl, have altered DNA
binding specificity and regulate transcription in different ways. Oncogene 1995;
10: 415-422.

Ito K, Oji Y, Tatsumi N, Shimizu 5, Kanai Y, Nakazawa T et al. Antiapoptotic function
of 17AA(+ JWT1 (Wilms’ tumor gene) isoforms on the intrinsic apoptosis pathway.
Oncogene 2006; 25: 4217-4229.

Bickmore WA, Oghene K, Little MH, Seawright A, van Heyningen V, Hastie ND.
Modulation of DNA binding specificity by alternative splicing of the Wilms wmor
wtl gene transcript. Science 1992; 257: 235-237.

Davies RC, Calvio C, Bratt E, Larsson SH, Lamond Al, Hastie ND. WT1 interacts with
the splicing factor UZAF65 in an isoform-dependent manner and can be incor-
porated into spliceosomes. Genes Dev 1998; 12: 3217-3225.

Mayo MW, Wang CY, Drouin 55, Madrid LV, Marshall AF, Reed JC et al WT1
modulates apoptosis by transcriptionally upregulating the bel-2 proto-oncogene.
EMBO J 1999; 18: 3590-4003.

Dechsukhum C, Ware JL, Ferreira-Gonzalez A, Wilkinson DS, Garrett CT.
Detection of a novel truncated WT1 transcript in human neoplasia. Mol Diagn
2000; 5: 117-128.

5 Dumur Cl, Dechsukhum C, Wilkinson DS, Garrett CT, Ware JL, Ferreira-Gonzalez A.

Analytical validation of a real-time reverse transcription-polymerase chain reac-
tioh quantitation of different wranscripts of the Wilms' twmor suppressor gens
(WT1). Anal Biochem 2002; 309: 127-136.

Renshaw J, King-Underwood L, Pritchard-Jones K. Differential splicing of exon 5 of
the Wilms tumour (WTI} gene. Genes Chromosomes Cancer 1997; 19: 256-266.
Moorwood K, Salpekar A, Wvins 5M, Hall J, Powlesland RM, Brown KW er al
Transactivation of the WT1 antisense promoter is unigue to the WT1[ + /-] iso-
form. FEBS Lett 1999; 456: 131-136.

Barbaux S, Niaudet P, Gubler MC, Grunfeld JP, Jaubert F, Kuttenn F ef al. Donor
splice-site mutations in WT1 are responsible for Frasier syndrome. Nat Genet 1997;
17 467-470.

Pelletier J, Bruening W, Kashtan CE, Mauer $M, Manivel JC, Striegel JE er al
Garmline mutations in the Wilms' twmor suppressor gene are associated with
abnormal urogenital development in Denys-Drash syndrome. Cell 1991; 67
437-447.

Hohenstein P, Hastie MD. The many facets of the Wilms' tumour gene, WT1. Hum
Mol Genet 2006; 15(special issueno 2): R196-R201.

Yang C, Romaniuk PJ. The ratio of <+ /~KTS splice variants of the Wilms’ tumour
suppressor protein WT1 mRNA is determined by an intronic enhancer. Biochem
Cell Biol 2008; 86: 312-321.

Gu W, Hu 5, Chen Z, Qiu G, Cen J, He B et al. High expression of WT1 gene in acute
myeloid leukemias with more predominant WT1 + 17AA isoforms at relapse. Leuk
Res 2010; 34: 46-49.

Siehl JW, Reinwald M, Heufelder K Menssen HD, Keilholz U, Thiel E. Expression of
Wilms' tumor gene 1 at different stages of acute myeloid leukemia and analysis of
its major splice variants. Ann Hematol 2004; 83: 745-750.

Ishikawa Y, Kiyoi H, Nace T. Prevalence and clinical characteristics of N-terminally
truncated WT1 expression in acute myeloid leukemia. Leuk Res May 35: 685-688.

5 Jomgeow T, Oji Y, Tsuji N, lkeda Y, Ito K, Tsuda A et al. Wilms' tumor gene WT1

17AA(-/KTS(-) isoform induces morphological changes and promotes cell
migration and invasion fn vitro. Cancer Sci 2006; 97: 259-270.

Bor YC, Swartz J, Morrison A, Rekosh D, Ladomery M, Hammarskjold ML The
Wilms' tumor 1 (WTT) gene (+ KTS isoform) functions with a CTE to enhance
translation from an unspliced RNA with a retained intron. Genes Dev 2006; 20:
15%7-1608.

Tatsumi N, Oji Y, Tsuji N, Tsuda A, Higashio M, Acyagi 5 ef al. Wilms’ tumor gene
WT1-shRNA as a potent apoptosis-inducing agent for solid tumars. int J Oncol
2008; 32: 701-711.

40

41

42

43

44

4

th

46

47

48

49

Moriya 5, Takiguchi M, Seki N. Expression of the WT1 gene—KTS domain isoforms
suppresses the invasive ability of human lung squamous cell carcinoma cells. int J
Oncol 2008; 32: 349-336.

Morrison AA, Venables JP, Dellaire G, Ladomery MR. The Wilms tumour suppressor
protein WT1 {+ KTS isoform) binds alpha-actinin 1 mRMA wvia its zinc-finger
domain. Biochem Cell Biol 2006; 84: 78G-798.

Han Y, San-Marina 5, Yang L, Khoury H, Minden MD. The zinc finger domain of
Wilms' tumor 1 suppressor gene (WT1) behaves as a dominant negative, leading
to abrogation of WT1 oncogenic potential in breast cancer cells. Breast Cancer Res
2007; 9: R43,

Boublikova L, Kalinova M, Ryan J, Quinn F, O'Marcaigh A, Smith O er al. Wilms'
twmor gene 1 (WT1) expression in childhood acute lymphoblastic leukemia: a
wide range of WT1 expression levels, its impact on prognosis and minimal resi-
dual disease monitoring. Leukemia 2006; 20: 254-263.

Krug U, Yasmesn A, Beger C, Baumer N, Dugas M, Berdel WE er al. Cydin A1
regulates WT1 expression in acute myeloid leukemia cells. int J Oncol 2009; 34:
129-136.

Gabert J, Beillard E, van der Velden WH, Bi W, Grimwade D, Pallisgaard N ef all
Standardization and quality control studies of 'real-time’ guantitative reverse
transcriptase polymerase chain reaction of fusion gene transcripts for residual
disease detection in leukemia—a Europe Against Cancer program. Leukemig
2003; 17: 2318-2357.

Beillard E, Pallisgaard N, van der Velden VH, Bi W, Dee R, van der Schoot E et al.
Evaluation of candidate control genes for diagnosis and residual disease detec-
tion in leukemic patients using ‘real-time’ quantitative reverse-transcriptase
polymerase chain reaction (RQ-PCR)—a Europe against cancer program. Leukemia
2003; 17: 2474-2486.

Willasch AM, Gruhn B, Coliva T, Kalinova M, Schneider G, Kreyenberg H er af.
Standardization of WT1 mRNA quantitation for minimal residual disease mon-
itoring in childhood AML and implications of WT1 gene mutations: a Europsan
multicenter study. Leukemia 2009; 23: 1472-1479.

Kerst G, Bergold N, Viebahn S, Gieseke F, Kalinova M, Trka J et al. WT1 protein
expression in slowly proliferating myeloid leukemic cell lines is scarce throughout
the cell cycle with a minimum in GO/G1 phase. Leuk Res 2008; 32: 1393-1399.
Kreuzer KA, Saborowski A, Lupberger J, Appelt C, Na IK, le Coutre P et al. Fluor-
escent 5-exonuclease assay for the absolute guantification of Wilms' tumour
gene (WT1) mRNA: implications for monitoring human leukaemias. Br J Haemato!
2001; 114: 313-318.

Cilloni D, Gottardi E, De Micheli D, Sarra A, Volpe G, Messa F et al. Quantitative
assessment of WT1 expression by real time quantitative PCR may be a useful tool
for monitoring minimal residual disease in acute leukemia patients. Leukemia
2002; 16: 2115-2121.

Cilloni D, Saglio G. WT1 as a universal marker for minimal residual disease
detection and quantification in myeloid leukemias and in myelodysplastic syn-
drome. Acta Hoematol 2004; 112: 79-84.

Trka J, Kalinova M, Hrusak O, Zuna J, Krejci O, Madzo J er al. Real-time guantitative
PCR detection of WT1 gene expression in children with AML: prognostic sig-
nificance, correlation with disease status and residual disease detection by flow
cytometry. Leukemia 2002; 16: 1381-1389.

Ostergaard M, Olesen LH, Hasle H, Kjeldsen E, Hokland P. WT1 gene expression: an
excellent tool for monitoring minimal residual disease in 70% of acute myeloid
leukaemia patients—results from a single-centre study. 8r J Haematol 2004; 125:
590-600.

Weisser M, Kern W, Rauhut 5, Schoch C, Hiddemann W, Haferlach T et al
Prognostic impact of RT-PCR-based quantification of WT1 gene expression during
MRD monitoring of acute myeloid leukemia. Leukemia 2005; 19: 1416-1423.
Lapillonne H, Renneville A, Auvrignon A, Flamant C, Blaise A, Perot C er all
High WT1 expression after induction therapy predicts high risk of relapse and
death in pediatric acute myeloid leukemia. / Clin Oncol 2006; 24: 1507-1515.
Barragan E, Cervera J, Bolufer P, Ballester 5, Martin G, Fernandez P et al. Prognostic
implications of Wilms' tumor gene (WT1) expression in patients with de novo
acute myeloid leukemia. Haemarologica 2004; 89: 926-933.

Rodrigues PC, Oliveira SN, Viana MB, Matsuda El, Nowill AE, Brandalise SR et al.
Prognostic significance of WT1 gene expression in pediatric acute myeloid leu-
kemia. Pediatr Blood Cancer 2007; 49: 133-138.

Supplementary Information accompanies the paper on the Leukemia website (http://www.nature.com/leu)

Leukemia (2012) 1-10

© 2012 Macmillan Publishers Limited

117



Delta Rn vs Cycle
WT 1-A calibrators curve y=-3,1916x + 38,816 qPCR for WT1-A
R? = 0,9993
50
40 “| WT1-A plasmids e
105- 10" copies
30
S -
20
10
. -
0 1 2 3 4 5 6
w w0
B
WT1-B calibrators curve y = -3,2461x + 38,445
- R? = 0,9992
40
30
S -
20
10
0
0 1 2 3 4 5 6
'og woon
C
WT1-C calibrators curve y = -3,395x + 38,765
- R?=0,999
40
30
S -
20
10
. v
0 1 2 3 4 5 6
log
D
Delta Rn vs Cycle
WT1-D calibrators curve = 32062x + 38873 |
e qPCR for WT1-D
5 5
40 | WT1-D plasmids
- 1 i
% 105—- 101 copies
S -
20
10
0 -
0 1 2 3 4 5 6 N
log \\e

Figure S1 gPCR for WT1 isoforms - reaction characteristics. Sensitivity and specificity tests of gPCR quantification of
isoforms A (A), B (B), C (C) and D (D). Reactions for each isoform performed in duplicates with specific plasmids in five
10-fold dilutions (10" — 10%), with the remaining three unspecific plasmids at the highest concentration (10°) and with no
template control (H,0); plasmid standard curves (left) and amplification plots (right). Note: the first 10 cycles of touch-
down are not displayed on the amplification plots, therefore the cycle 1 on the plots corresponds to the cycle 11 of total
cycling, the cycle 40 to the cycle 50. (AB 7500 Fast Real-Time PCR System used)
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Stability of WT1 isoforms expression in K-562
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Figure S2 Stability of WT1 expression in different leukemic cell lines during the culture.
Expression of WT1 total and isoforms A, B, C and D in cell line K-562 (A), RS4;11 (B) and MV4-
11 (C) after 24, 48 and 72 hours of culturing.
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Table 51 Leukemic cell lines

MName Source Type Major aberrafion
MALM-6 DSMZ ACC 128 B-ALL

REH DSMZ ACC 22 B-ALL TEL-AML1
UOCBs R eets Gensral ospil, Boston, Use BALL  TEL-AMLT
R34:11 DSME ACC 508 B-ALL MLL-AF4
MV4-11 DSMZ ACC 102 AML MLL-AF4
KASUMKI1 DSMZ ACC 220 AML AML1-ETO
HB-4 DSMZ ACC 207 AML PML-RARA
K-582 DSMZ ACC 10 CML-BC BCR-ABL

DSMZ - German Collection of Microorganisms and Cell Cultures.
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Evaluation of WT1 expression in bone marrow vs peripheral blood
samples of children with acute myeloid leukemia—impact on
minimal residual disease detection
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doi:10.1038/leu.2012.291

Wilms' tumor gene 1 (WTT) is located on chromosome 11p13. As a
zinc finger transcription factor, WTT regulates expression of many
target genes involved in regulation of cell cycle, proliferation,
differentiation and apoptosis."? Overexpression of WT1 was
found in majority of acute leukemias and other hematological
malignancies. WTT has, therefore, been intensively studied
as a potential prognostic factor, marker for minimal residual
disease (MRD) and target for immunotherapy (summarized in
references '),

In this report, we focus on the role of WTT as a marker for
monitoring of malignant cells in patients with childhood acute
myeloid leukemia (AML). Many important studies proved the
usefulness of WTT for this purpose, showing that this gene
provides a promising tool for residual disease detection. In
general, these studies were based on the analysis of bone marrow

Table 1. Patients’ characteristics
N %
Patients S0
Age (median/fyears) 10.5
FAB
Mo 2 2
M1 11 12
M2 20 22
M3 14 16
M4 22 24
M5 19 21
M7 2 2
Molecular genetics
AML1/ETO 8 9
CBF/MYH11 12 13
MLL + 21 23
PML/RARa 14 16
Negative 33 37
No data 2 2
Risk groups
Standard 39 43
High 51 57
Follow-up (median/years) 5.5
Relapse 31 34
Death 35 39
Abbreviations: FAB, French-American—British classification; MLL, mixed
lineage leukemia.
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(BM) samples,®® while only minority used peripheral blood (PB) as
a source of leukemic cells®'® Considering the fact, that
the percentage of blasts can differ between BM and PB, one
could assume that the choice of material for WT1 detection may
influence the subsequent analysis. Nevertheless, no consensus has
been made so far.

To investigate whether both BM and PB provide similar
information on leukemia burden in childhood AML measured by
WTT expression, we determined the diagnostic level of WTT in
90 children with AML treated in the Czech Pediatric Hematology
(CPH) centers (Table 1). Following ethical committee approval and
informed consent, paired samples of BM and PB were processed
as described earlier'’ and the resulting cDNA was used for
quantification of WT1 and ABL control gene by the quantitative
PCR assay of our own design.'? To define the physiological level of
WTT1, we also analyzed 24 samples of healthy BM and PB donors.

Physiological expression of WT7 in unsorted BM and PB samples
was 28 and 1.4 WTT1/ABL » 10* NCN (range 8-115 and 0.2-13.2),
respectively. In leukemic patients, the level of WTT7 in BM was 0.2
log higher when compared with PB (median 2587 (range 0-57065)
WT1/ABL x 10° NCN for BM and 1640 (range 0-16517) WT1/
ABL 10 NCN for PB; P=0.02; Figure 1a). WT1 overexpression
(defined as = 1.5-fold higher than maximum of physiological level)
was found in 76% of BM and 80% of PB samples. The difference
in WT1 expression between patients’ samples and healthy controls
was 3.1 logs for PB in contrast to only 2.0 logs for BM (Figure 1b).

Comparison of paired BM and PB levels of WTT revealed an
excellent correlation between these values with the correlation
coefficient of 0.89 (P<0.0001; Figure 1c). However, there was
no relation between WTT levels in PB or BM and the percentage
of blasts.

According to French—American-British (FAB) classification, M3
subtype of AML was associated with the highest WTT expression,
while patients with M5 AML had the lowest WTT level (P<0.0001
for both BM and PB; Figure 1d). Standard risk cases expressed WT1
on higher level compared with high risk group (P<0.0001 for both
BM and PB). We could not prove any relation of WTT level to age,
sex or d15 treatment response. Neither did the expression of WTT
correlate with survival characteristics of our cohort of childhood
AML; patients with high and low initial level of WT7 had the same
relapse-free survival probability (Figure 1e).

In summary, we found an excellent correlation of WT1
expression in paired BM and PB samples. However, in contrast
to studies mostly on adult AML, we could not confirm the
prognostic significance of WT1 expression at diagnosis of pediatric
AML. Comparison of WTT levels in healthy controls and leukemia
samples revealed a wider distance between physiological and
malignant expression of WTT in PB. This observation makes PB
superior to BM for monitoring of MRD by WTT expression.
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Figure 1.

Expression pattern of WTT gene in BM and PB samples of patients with childhood AML and healthy controls: (a) Box plots showing

WT1 expression in BM and PB of AML patients. (b) Comparison of the distance between leukemic and physiological WT7 expression in BM and
PB (P<0.001 for BM and P < 0.0001 for PB). (¢) Comparison of WT7 levels in BM vs PB of AML patients—correlation coefficient 0.89 (P« 0.0001).
(d) Distribution of WT1 expression among morphologically defined subgroups of AML (FAB subtypes; £-0.0001 for both BM and PB).
(e) Survival analysis of AML patients—relapse-free survival according to WT1 expression in BM vs PB.
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