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CAST I: NOVE DIAGNOSTICKY A
PROGNOSTICKY VYZNAMNE ZNAKY DETSKE

AKUTNIi LYMFOBLASTICKE LEUKEMIE

V4

Uvob:

AKUTNIi LEUKEMIE

Akutni leukémie jsou heterogenni skupinou onemintiivorenou podskupinami siznou
prognézou a odpadi na I€bu. Zakladnimi typy akutni leukémie jsou akutni toieni
(AML) a akutni lymfoblastick& leukémie (ALL). ALLg u dti podstats ¢asgjSi nez AML,
kterd tvdi pouze 15% leukémiiétkkého ¥ku. ALL je negasgjSi maligni onemoami u
déti vabec. ¥li se na ALL z Brady a z Trady. Z imunofenotypového hlediska se ALL z B
fady ¢leni na B prekurzorovou (BCP ALL), ktera Wwd0% ALL a zralou B ALL (2%
ALL). BCP ALL se dale dli na nezralou CD18° proB ALL, na CD16°common ALL
(CALL), u které neni fitomen intracelularnitettzec IgM a na preB ALL, kde jiz
intracelularniiettzec IgM gFitomen je. ALL z Tiady (15% ALL) se di podle stupi

zralosti na proT, preT, intermediarni a zralou TLAL

Uspesnost léby ALL roste od 60. let 20. stoleti. Zatimctivid msla Sanci na vykéeni még
nez g@tina ckti (1), od 80. let Zije naiznych protokolech téut 80% diti a 40% dosglych 5

let po diagn6ze bez znamek onemwdn(2). Pr&¢ dolie zvolena léba je vyznamnym
prognostickym faktorem. Métyti zakladni sodasti. Z&iné se indukci remisefipkteré se
podava prednison, vinkristin, daunorubicin a L-aagméza. Po indwki 1&b¢ nasleduje
konsolid&ni faze zahrnujici cytosinarabinosid, merkaptopurinyklofosfamid a
vysokodavkovy metotrexat. 6&sicl od diagnozy je zkrdcérzopakovana induhi I&ba
(pozdni intenzifikace). DalSi sdésti |€by je prevence infiltrace centralniho nervového
systému, fi které se intratekatnpodava metotrexat v{goéhu celé intenzivni terapie. V
poslednicasti - udrzovaci kba - se podava kombinace merkaptopurinu a metdtrexa
Snahy o zintenziwni existujici terapie vedou spiSe neZz ke zvySemEdhosti I€by

k imrtim na toxicitu 18by a riziku vzniku sekundarnich malignit. Velkoudsf pro dalSi
ZlepSeni léebnych vysledk je poznani etiopatogeneze ALL. Tak jako u ostatmialignich

onemockni i u leukémie se ma za to, Ze jeji vznik je dyopsovy proces, kdy postugn
4



dochazi ke z#madm v genomu hematopoetickych kmenovych ¢Bumebo casnych
vyvojovych stadii jednotlivych linii hemopoézy. dédse o zrny v rozsahu od bodovych
mutaci aZz po zemy v patu chromozén. K odhalovani mechanigntéto tzv. teorie dvou
zasali postup® prispiva analyza genetickych #mleukemickych buk. Mezi tyto zngény
pati deregulovana exprese protoonkog@nchromozomalni translokace vedouci ke vzniku
fuznich gef kodujicich nap aktivni kinazy a zinéné transkripni faktory. Genetické
aberace fispivaji k leukemické transformaci hematopoetickyahenovych buék nebo
jinych progenitoi tak, Ze ovliviuji burg¢né funkce jako je regulace proliferace, diferengiac
a apoptéza. #iny, které vedou ke vznikwé¢hto zngn, nejsou dosud zcela objéssy.
UvaZzuje se o vlivu ionizujiciho éni, rékterych chemikalii a infalnich agens.
Jednoznéna souvislost se vSak poji az s vysokou davkowigitiho zdéeni. Ani chemickou

¢i klasickou infekni etiologii nelze prokazateinspojit s leukémii obe@n Specifické
podtypy mohou ale byt spojeny dus expozici Bkterym chemikaliim (leukémie
s prestavbami MLL po expozici inhibitoiim topoisomerazy) nebo s infekci (HTLV-I
asociovany lymfom). S poruchami imunity jsou spéjeikteré lymfomy (ne-hodgkinské
lymfomy u AIDS). VysSi incidence skterych tym leukémie u Downova syndromu je
spojena s mutaci genu p@ATAL. Vzacné poruchy reparace DNA mohouigpbit i

leukémie, al€asgjSi jsou u nich jiné malignity.

Velkd pozornost se émuje vlivu socioekonomickych podminek, protoZze otsewySsi
incidence ALL je typicka pro vyvinuté zeém(3, 4). Pro tyto zem je typické ¥kove
rozloZeni vyskytu onemo¢ni s vysSim p&tem gipadi u cti predSkolniho ¥ku (5, 6). U
meére vyvinutych zemi tento jev pozorovan nebyl nebotogre vyrazny (4, 7). Akumulace
leukémie v pedSkolnim ¥ku miZe byt vysledkem pozfSiho kontaktu s infekci, ktery

vyvola negiméienou imunitni odpasd’ spojenou s proliferaci Bady (8, 9).

Genotypové podskupiny

Krom¢ vySe uvedeného imunofenotypovétiereni se ALL ctli také podle genotypovych
zmen leukemickych bukk. Genova zréna, ktera prawgpodobré souvisi s etiologii daného
typu ALL, se projevitadou zrngn na bugcné drovni. Jejich vysledkem je expreisaly
proteim, proto ntla naSe studieifspét k nalezeni dosud nepopsanych Znakieré jsou
spojeny specificky s danou genotypovou podskupifi@tio ¢ast prace je &novana korelaci
exprese proteih s genotypymi podskupinami pouze v ramci ALL Z&ly, proto nejsou

uvedeny genotypové zmy T ALL.



BCR/ABL
Blasty 2-5% dti s ALL maji translokaci t(9;22), ktera je podkéad tzv. Ph chromozomu.
Produktem této translokace je gBER/ABL (Breakpoint cluster region/c-abl oncogene 1).
Ten je gitomen také u pacieins chronickou myeloidni leukémii (CML). U paciérg CML
se gerBCR lame v oblasti nazyvané Major bcr a nastedmikly fuzni protein ma hmotnost
210 kilodaltori. Zlom BCR v oblasti minor bcr, ktery vede ke vzniku 190 kidtoni
velkého proteinu je typicky proét8inu dtskych ALL s Ph chromozomem. Protoonkogen
ABL kbduje tyrozinovou proteinkindzu, ktera j& pzniku fuzniho proteinu konstitutivn
aktivovana a narusuje tak signélni drahy kontroiyroliferaci, pezivani a sebeobnovovani
burtk. Pacienti stimto genotypem Spatedpovidaji na kbu a jsou z@mzovani do
nejrizikowjsi wtve I&ebného protokolu s nejintenzigjii chemoterapii. Vyznamny posun
v [écbe BCR/ABLP leukémii znamenalo azeni tyrozinkindzového inhibitoru imatinibu

(Glivec), ktery inhibuje funkci fuzniho proteinu BRZABL.

TEL/AML1

Translokaci t(12;21) vznik& fazni gen, ktery jeiam 5  ¢asti genuTEL (ETV6 = ETS
variant gene 6glen ETS rodiny transkrignich faktofi) a genemAML1 (Acute myeloid
leukemia 1 gene) kodujicim DNA vazajicin podjednotku heterodimerického transkripho
faktoru (CBFe a CBR). Tento genotyp ma asi 25%tskych ALL. Chimericky transkrigni
faktor TEL/AML1 ma z transkrigniho faktoru TEL zachovalou futki doménu zajiujici
interakce protein-protein a z transkmpho faktoru AML1 komponentu vazajici DNA a
regulujici transkripci. TEL je WeZity pfi homingu hematopoetickych progenitado kostni
diens (10), AML1 spousti transkripciady geri duleZitych v hematopoeze (11). Za
fyziologickych podminek jsou seéasti proteinového komplexu ttemného AML1 a
transkrignimi faktory také histonové acetylazy igpbujici konforméni zmeny DNA
vedouci ke zvySeni transkripce. ¥igad fazniho proteinu TEL/AML1 jsou s@asti tohoto
komplexu histonové deacetylazy, které naopak sirukthromatinu rni tak, Ze transkripci
znemo#uji. Tyto zneény v kaskad zprostedkované AML1 naruSuji sebeobnovovaci a

diferencig&ni kapacitu hematopoetickych kmenovych dun

SkupinaTEL/AML1® pacienti byla spojovana s dobrou prognézou, ale ukazal@eseo
plati u klinickych studii s intenzivni chemoterapiilavre asparagindzou (12). Vysoka

senzitivita k asparaginaze byla prokadzanari-vitro podminkach (13).



MLL

Translokace genMLL (Mixed-lineage leukemia, nékdy nazyvany téALL1) je pritomna u
8% pacieni. Protein MLL je jaderny protein, ktery udrZzuje exg geti z rodiny HOX.
TranslokaceMLL sestavaji z jeho N-terminalniasti, ktera fazuje s C-terminéliasti
jednoho zvice nez 40 moZznych partnerGen MLL je tak pravdpodobr
nejpromiskuitijsim genem &astnicim se vzniku chromozomalnich aberaidsfavby genu
MLL se vyskytuji také u akutni myeloidni leukémie. WLAje negasgjSim fuznim
partnerem gedF4, ktery je gitomen asi u 50% ALL kojericdo 6 n&siax véku. Leukémie
s touto translokaci t(4;11) je nejagresign variantou dtské ALL. Restavby gendMLL se
vyskytuji u vice nez 80% kojeneckych leukémii. Hyaroteiny maji zvySenou transkeip
aktivitu vedouci ke z&nam v sebeobnovovani éstu hematopoetickych kmenovych kkn
ALL s MLL translokaci maji #které imunofenotypové odliSnosti od ostatnich ALL.
Neexprimuji antigen CD10 (Pui, Blood 1991), expritproteoglycan NG2 (Behm, Blood
1996) acasto exprimuji myeloidni antigeny CD15 a CD65 (Rlgod 1991). Odtud nazev

genumixed-lineage leukemia.

E2A/PBX1
U 5% ALL se vyskytuje translokace t(1;19), jejim¥siedkem je vznik fuzniho genu
E2A/PBX1 (TCF3, transcription factor 3/ pre-B-cell leukemia horner 1) na chromozomu
19.

Hyperdiploidni leukémie
Skupiny sit#iznymi zménami genotypu maji odliSnou prognézu, ktera je epaj se
senzitivou nebo rezistenci leukemickych &kma I&bu. Rikladem vyborné senzitivity na
lé¢bu jsou leukémie s hyperdiploidnim genotypem. Skapiysoce hyperdiploidnich ALL je
definovana fitomnosti 51-65 chromozam na leukemickou hiku. Mechanismus
zpasobujici hyperdiploidii neni zndm. Pacienti, ktdryje 25% z dtskych ALL, maji
piiznivou prognozu, je-li jejich ba zaloZena na antimetabolitech. Jejich senzitinda
Ié¢bu koreluje s tendenci ke spontanni apoptoéie-vitro kulture a s vysSi intracelularni
koncentraci metotrexatu a jeho polyglutamatovychabmditi po |&bé (14). To niZze byt
casténé zpisobeno tim, Ze &Sina hyperdiploidnich blastma ti nebo c¢tyti kopie

chromozomu 21, ktery nese gen pro transportér nestatu do buk (15).



Hypodiploidie a p Festavby genu MYC
Tyto zmeény genotypu pdi v ramci nenahodnych zm u ALL mezi nejmé# frekventované.
Hypodiploidnich (<45 chromozaii je 1% ALL. Translokace genMYC je pritomna u 2%
ALL a obvykle se poji s fenotypem zralych B Bkn

Diagnostické metody — sou €asnost a budoucnost

Uspschu v I&be leukémie secasteéns dosahlo upravenim dby pacienta podle rizika
relapsu. ProtoZze je leukémie heterogenni onedmocrkdy se jednotlivé podtypy [isi
odpowdi na chemoterapii, jeitbZité fizptsobit tomu intenzitu kby. Urkeni gresného typu
leukémie vyZaduje pouZziti Sirokého spektra metatitoRova cytometrie umdgitije odlisSeni
AML a ALL a v ramci ALL dale utit, zda se jedna o T ALL, BCP ALL nebo zralou B ALL
DalSimi pouzivanymi diagnostickymi metodami je mikopické vySéeni, cytogenetika a

molekularni biologie.

Diskutuje se o tom, zda by jedin& technika — exgrpsofilovani — mohla nahradit vSechny
tyto zavedené diagnostické metody acsmu® vylepSit prognostickd kritéria. Yeoh et al.
(16), vysetili 360 diagnostickych vzotk ALL pomoci oligonukleotidovychéipi, které
umo#iuji analyzu exprese 12 600 derjprobe satf). Prvnim krokem bylo zjistit, zda
expresni profilovani umozni identifikaci znamych dpgi onemocgni, proto byla
provedena analyza, kter&la identifikovat skupiny gel které jsou exprimovany podobn
a leukemické vzorky s podobnou expresi tgeifato analyza jasn identifikovala 6
zakladnich podtyp leukémie: T-ALL, hyperdiploidni s vice nez 50 cmazdmy, a ALL
s genovymi pestavbamBCR/ABL, E2A/PBX1, TEL/AML1 aMLL. Déale byla identifikovana
skupina pacierit s pseudodiploidnim, hyperdiploidnim nebo normalikianyotypem a bez
fuznich gef, ktei méli podobnou genovou expresi. Zbyvajégist pacierit (20% ze vSech,
bez identifikovanych genotypovych abnormalit) amaljnez#adila do Zadné z podskupin,
coz Zejme odrazi velkou heterogenitu této skupiny padiett jednotlivych podtyp bylo
statisticky vyhodnoceno, které geny s danou skupikoreluji nejlépe. Skupina vysoce
hyperdiploidnich paciefit (>50 chromozéni) je klinicky odlisna od skupiny se 47-50
chromozdmy. To potvrzuji i rozdily v expresnich filexh téchto skupin. Asi 70% gén
jejichz exprese koreluje s hyperdiploidii, se na¢ha chromozomech X a 21. Je zajimavé,
Ze geny leZici na chromozomu X maiji vy3Si expragpacient, ktefi nemaji trizomii tohoto
chromozomu. Autd studie dosahli f uréeni podtyfi ALL 96% diagnostickeé fesnosti, coz
je podle nich vice neZippouzivani dosavadnich diagnostickydifsupi. Je zajimave, Ze i
pies relative homogenni morfologii leukemickych bénjsou expresni profily podskupin

ALL tolik rozdilné. Velk& odliSnost expresniho ptofskupiny s pestaénym genemMLL
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od ostatnich ALL uZ byla popséana (Armstrong, Nataemetics 2002), ale velké rozdily jsou
I mezi ostatnimi skupinami. Yeoh et al. (16) nalaékstanovenych expresnich préfiALL

a dive publikovanych studii u dalSich malignit (17,) #®nstatuji, Ze mezi expresnimi
profily podtypi ALL jsou dokonce vyrazfSi rozdily nez mezi expresnimi profily
adenokarcinomu pli¢i melanomu a karcinomu mového néchyke. Takto rozdilné expresni
profily podtypi ALL svédéi o tom, Ze se jedna @ézné biologické a klinické jednotky acig

by byt dostaténé pro spolehlivou diagnostiku podty@LL. Existuje vSak hypotéza, Ze ke
spravhému zZazeni pacienta népdo genotypové podskupiny by mohly byt dostage
mnohem niz3i piy geni (kolem 20 pro ufeni vdech zakladnich podiy)p(19), nezZ jsou
popsané sady (t¥ené i 100 geny na podskupinu) v expresnim profithtb podty.
Kdyby se v expresnich profilech pdia identifikovat toto mensi mnoZstvi spolehlivych
prediktofi, mohla by se jejich exprese vy&siat zavedenymi a standardizovanymi
metodami jako je RT-PCR (revekztranskriptdzova polymerazovétzova reakce) nebo

pratokova cytometrie.
CiLE:

Cilem bylo najit mezi geny, které odhalilo expregmofilovani nové diagnosticky a
prognosticky vyznamné molekuly, které by bylo mozan&etovat pomoci pitokove

cytometrie.

METODY:

Metody, které byly pouZzity ke zpracovani tétésti prace, jsou popsany iilpze 1.
Vzhledem ktomu, Ze hlavnim tématem prace je biwmatické vyuZiti potencialu
expresniho profilovani k v@iou novych diagnostickych znakpro vySetovani pomoci
pratokové cytometrie, principy éthto dvou technik jsou podrofjin rozebrany v této

kapitole.

PRUTOKOVA CYTOMETRIE

Pratokova cytometrie slouzi k analyze kknv suspenzi. Buftna suspenze se ozifa
pomoci monoklonalnich protilatek (mAb) s navazandiuorescegini molekulou
(fluorochromem). Molekuly mAb se specificky vaZzoa antigeny na povrchu nebo uwnit
vySetovanych budk. Kromé mAb se v Bkterych gipadech pouZivaji dalsi fluores¢an
latky, které zn& nag. DNA. Ozn&end buiéna suspenze je vigokovém cytometru

pietlakem gtkana pes trysku, ¢imZz se vytvéi Uzky proud, ve kterém jsou iky
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uspdadany za sebou. Tento proud pak protina laseropysplk a detektory nasletin
zaznamenavaji, jak se othstic odrdzi (opticky parametr Side scatter — S8ery
piedstavuje granularitu kily; swtlo snimané kolmo k laserovému paprsku) a rozgigio
(opticky parametr Forward scatter - FSc, ktefgdstavuje velikost biky; swtlo lomené
pod nizkym Uhlem vzhledem klaserovému paprskupu-lis na buice navazany
fluorochromy, laserovy paprsek je excituje a flemence excitovaného &la je také
zaznamenana. Pomoci specidlnichtfilg spektrum rozgleno do rozhrani vinovych délek,
kterd odpovidaji emisnim spekitn jednotlivych fluorochror. Tim je umoZano snimat
nekolik fluorescernich paramefr zjedné castice. VSechny snimané signaly jsou
amplifikovany a digitalizovany, coZz umidje jejich naslednou analyzu.iiPanalyze
vyuzZivame tzné formy grafického zobrazeni intenzity fluoresmepednotlivych udalosti
(burek). Vysledkem zakladniho typu analyzy jsou Udajeracentualnim zastoupeni kitkn

nesoucich sledovany antigen, navic je mozné téitiNavat intenzitu jeho exprese.

EXPRESNIi PROFILOVANI

DNA ¢ipy (DNA microarrays, expresni profilovani) jsou todou, ktera umatje ugeni
exprese az 30 000 gerv jednom vzorku. Za 1. publikaci &pech je povaZzovana prace
Augenlichta et al. (20), ktery pouZil nylonovou m@dnu se 4000 cDNA sekvencemi
k urceni expresniho profilu normalni a nadorové tkénstého seva. DNACIp je sklerné
mikroskopické skiiko, silikon nebo nylonovd membréana, na kterych jemistny DNA
proby. Proby mohou byt t¥eny také cDNA nebo oligonukleotidy, a na podkladujs
roboticky nanesené v definovanych pozicich. cDONAmeRNA ziskana z RNA vzorku a
ozna&ena fluorescemé nebo biotinem se hybridizuje kgpu. Fluorescence kazdé proby je
poté zmdtena pomoci lasér U DNA préb je potencialnim problémem jejich vailai
mnozstvi natipu, proto se RNA ze vzorku hybridizuje spolu sreféni RNA, ktera je
ozna&ena jinou fluorescemi znakou. V pipad cDNA préb je riziko zkizené hybridizace
vzorku, protoZecasto obsahuji neunikatni nebo repetitivni sekverf@nto problém je
vyieSen u oligonukleotidovych préb, které jsouitry 25-60 nukleotidy, jejichZz unikatni
sekvence byly vybrany porovnanim s celym genomepecificita préby tvéené 25
nukleotidy, které pouziva firma Affymetrix, Inc.e kontroluje pouZzitim dalSi préby, ktera
ma znénény 13. nukleotid a pouzitim vicéanych préb, které reprezentuji jeden transkript.

U tohoto typwipu se pouZziva pouze jedna fluoresgerenaka.

Hodnoty ziskané z#iienim intenzity fluorescence se pouZiji ke klastrav@alyze. To je
statisticky istup, ktery slouZi k identifikaci génse stejnym vzorcem (pattern) exprese.

V sowasné dob jiz existuje Siroké spektrumiznych tygi analyzy &chto dat, ale
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zakladnimi podtypy jsou tzv. “supervised learnimg“unsupervised learning“. “Supervised
learning” je kontrolovana analyza, ktera se pouZiiéentifikaci geri korelujicich se
znamymi faktory (jako je podtyp malignity atd.) timaco “unsupervised learning” je analyza

zcela automaticka slouzici k identifikaci novyctdpkupin se spot&ou expresi gen

VYBER MOLEKUL Z EXPRESNICH PROFILU

Prvni vykEr molekul jsme provedli z wejr¢ dostupnych expresnich prdafidétskych ALL
provedenych v St. Jude Children’s Research Hospitéémphisu (16, 21). Vybirali jsme
molekuly korelujici s genotypovou podskupinou nebiizikem relapsu onemoémi. Vybrali
jsme geny, které vysly jako korelujici wymdnich statistickych analyzach aifgac téchto
studii jsme provedli také vlastni reanalyzu prinidnndat, do které jsme izdili pouze data
ziskana ze vzotk BCP ALL. Vynechali jsme tedy vzorky paciéns T ALL, které byly
v pavodni analyze zahrnuty. Pro tuto reanalyzu jsmevofift vlastni zpisob zobrazeni,
ktery umoauje identifikaci ge nejlépe korelujicich s jednotlivymi podtypy leukiémTato
analyza také umaiije srovnat prediktivni hodnotu dité molekuly @i stanoveni pomoci
expresniho profilovani a pomoci tapokové cytometrie. Princip analyzy je nejsnaze
pochopitelny na obr. 1c,fipoha 1. Grafické znazoEni korelace vSech probe 8et
s genotypovymi podskupinami bylo vytemo na zaklatl stanoveni optimalniho cut offu
genové exprese nejlépe etlgiciho dw skupiny pacierit Tento cut off byl vypgitan

pomoci softwaru Rhttp://www.r-project.orl) Pro kazdy gen (probe set) byla pro vSechny

mozné hodnoty cut offu stanovena frekvence poditivignap. TEL/AML1"°) a negativnich
pacienti (TEL/AML1"™9 s genovou expresi vy$Si nez je testovany cutiaio optimalni cut
off byla zvolena hodnota, kter4 vedla k nejlep$iasaci dvou skupin, tzn. Ze bylo nejvyssi
procento TEL/AMLT**a nejnizsi procento TEL/AMLf®pacienti s expresi genu vyssi nez
tato hodnota cut offu. iP takovém cut offu je v grafickém zobrazeni genovrejwtsi
vzdalenosti od diagonaly. Na ose x je zna#oonprocento pozitivnich (TEL/AMLS)
pacientt s hodnotou genové exprese vy3Si nez je cut offosgay procento negativnich
(TEL/AML1"9 s hodnotou genové exprese padientssi nez je cut off. V pravém dolnim
rohu je pak mozné identifikovat nejlepsi prediktstgdovaného genotypu s vysokou expresi
a vlevém hornim rohu prediktory, které maji u shého genotypu expresi nizkou. Na

Uhlopi¢ce lezi geny, které s timto genotypem nekoreluji.

Dal38i molekuly byly vybrany ze studie Cario et @2), jejimz cilem bylo odhalit geny
piedpovidajici odpadd’ na I&bu. Jako parametr vypovidajici o tom, jak paci@itavida na
lé¢bu, byla zvolena hladina minimalni rezidualni nem@dRN), takZe byly srovnany

expresni profily pacieits nizkou a s vysokou hladinou MRN v den 33 a \etyd?2 |éby.
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Aby byla zajiS¢éna homogenita souboru pacier eliminovan vliv prognosticky odliSnych
genotym, byli zatazeni pouze pacienti s DNA indexem 1 a b&romnych fuznich gen
BCR/ABL, MLL/AF4 nebo TEL/AML1. Pouzity byly nekomeéni cDNA cipy se 43 000
spoty, které reprezentuji 30 000 ¢gen

Prace Maia et al. (23) byla vyuZita pro ¥ybmolekul, jejichz exprese je vy3Si u
leukemickych bugk neZz u normalnich prekurZorV této studii bylo provedeno srovnani
expresniho profilu buik B prekurzorové ALL a normalnich B prekurggqdefinovany jako

CD19* Igk/IgA"%buiiky) za (Eelem nalézt potencialni cile pro imunoterapii leuaké

Z korelujicich gefi jsme vybirali ty s vhodnou bg&nou lokalizaci gislusného proteinu
(tzn. nesecernované). Nejvice byl ¥tomezen komeéni dostupnosti mAb nutnych na
detekci exprese vybranych molekul pomocitpkové cytometrie. Reaktivita dostupnych
mADb byla testovana na b&mych liniich a v periferni krvi. Exprese molekuvsodnou
mADb byla vySetovana v diagnostickych vzorcich kostie spol&né v kombinaci znak,

které umo#uji odliSit v kostni deni leukemické bitky od burgk nemalignich.

VYSLEDKY A DISKUZE:

MOLEKULY VYBRANE Z EXPRESNICH
PROFILU A JEJICH STANOVENiIi POMOCI
PRUTOKOVE CYTOMETRIE

Prehled molekul korelujicich s genotypovymi podskapmm a vySeatvanych

v diagnostickych vzorcich kostnited® je svysledky analyzy podle vzdalenosti od

Uhlopi¢cky uveden v tabulce 1 a na obr.laif]gha 2.
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Tabulka 1.

gen studie probe set vzdalenost od uhldfeky
x |y x| vy
TEL/AML1 MLL
40493_at 17,72 82,44 70 30,3
Yeoh et al. =
2036_s_at 12,66 66,83 60 23,5
CD44 204489 s_at 10,00 88,78 90 13,2)
204490_s_at 0,00 86,73 65 3,06
Ross et al.
212014 x_at 5,00 85,71 80 14,29
229221 at 10,00 42,86 80 28,57
Yeoh et al. 38578_at 96,2 11,23
CD27 =
Ross et al. 206150 _at 95,0( 11,2p
CD135 Ross et al. 206674 _af 20 25,51
BCR/ABL
CD103 Ross et al. 205055 _af 0 62,14
Yeoh et al. 41266_at 86,67 25,28
CD4of =
Ross et al. 201656 _at 93,33 20,3P
Yeoh et al. 41138 at 93,33 15,24
CD99 201029 _s_at 93,33 14,56
Ross et al. =
201028 _s_at 86,67 6,8
IL-10RB Yeoh et al. 33228_¢g_at 46,67 86,9p

CD44 (Hermes, Pgp-1)

CD44 je transmembranovy glykoprotein, jehoZz gentvig'en dv¥ma skupinami exan
Exony 1-5 a 16-20 jsou vzdy spéite exprimovany jako standardni forma. 10 variabilnich
exomi (exony 6-15) mzZe byt alternativé sestihovano (24, 25). i#tomnost CD44 byla
pavodrg popsana u hematopoetickych Bkir{26), ale dale byla nalezena na mnoha dalSich
typech bugk (27-29). Tato molekula slouZi hlavjako receptor pro kyselinu hyaluronovou
(30), ale nize vazat i jiné slozky extracelularni matrix. Fugegtedy gedevSim jako
adhezivni molekula, alecastni se i fenosu signalu. Jeji interakce se stromalninikbmi
kostni derg jsou dilezité v piibéhu lymfopoezy a hematopoezy (31, 32). CD44 se \ysiy

i v solubilni formé (sCD44), ktera vznika hlagnodSgpenim z bus¢ného povrchu (33).
Popsana byla i exprese alternativeestizené formy CD44 bez transmembranové a
cytoplasmatické domény, tedy mechanismesovo syntézy sCD44 (34). CD44 jéifpmna

u mnoha solidnich nadir kde je jeji zvySend exprese spojovana se Spgtnognozou
nag.karcinomu plic (35), prsu (36), ovaridlniho (37kalorektalniho karcinomu (38). Se
zvySenym metastatickych potencidlem a horSi pragmoe ¢asto spojovana jedna ze

setihovych variant, CD44v6. Vy3Si exprese byla popsarkarcinomu Zaludku s vysokym
13



metastatickym potencialem (39), u paciestakutni myeloidni leukémii s kratSinepitim
(40), u ALL ze skupiny gedniho nebo vysokého rizika (41) a u mni#taého myelomu
s vysokym rizikem (42).

Podle expresnich profil maji mit vysokou expresi CD44 pacienti fegia¥nym MLL
genem a pacienti sT ALL, Kte budou relabovat. Naopak nizkou expresi maji mit
TEL/AML1”*pacienti.

CD44 a TEL/AML1

Prokazali jsme, Ze exprese CD44 jeTEL/AMLI1™ pacienti statisticky vyznam nizsi
(obr.1a, piloha 1) neZz u ostatnich paciéns BCP ALL. V publikovaném souboru 56
pacientt mglo 20 z 21 TEL/AML1P® pacientt méré nez 30% CD4%° blasti. Mezi 35
TEL/AML1™ pacienty mili pouze ti mérg nez 30% CD44° blasti (obr.1a., piloha 1).
Nejvyrazréji se od tohoto pravidla odchylMEL/AML1” pacient s 51% CD4% buiikami,
vek 3 roky, ktery byl dale netypicky i tim, Ze¢mvysokou leukocyt6zu, coz je u tohoto
genotypu vyjimeéné. OdliSoval se i vyjimae¢ vysokou expresi CD66¢c (25% CD68c
blasti je u TEL/AML1"® genotypu vysoka hodnota). Nakonec & memoc relabovala v
centrédlnim nervovém systému, coz je dalSi neobvidshomén u tohoto genotypu. Tento
piipad dobe koresponduje s publikovanymi daty o Spatné pragndalignit s vysokou
expresi CD44. To, Z@EL/AML1” leukémie jako prognostickyifzniva skupina se poji s
nizkou expresi CD44 a dalSi prognostickizpiva skupina hyperdiploidnich leukémii ji ma
vysokou, naznalje, Ze nafi¢ jednotlivymi genotypy neni korelace s prognézaedirni a

urcité se zde uplauiji i dalsi faktory.

CD44 a MLL

exprese, nez maji ostatni TEL/AMEypacienti (obr.2a, iloha 1). Vysoka exprese CD44
v expresnim profilu skupiny paciénts gesta¥nym MLL genem byla popsana ve vice
studiich (43, 44). Proto jsme studovali také hladsi€D44, abychom zjistili, jestli koreluje
s expresi povrchové formy. Mezi vyEatymi 76 pacienty se poidla stanovit sCD44 pouze
u 2 MLLP® pacienti, ale vzhledem ktomu, Ze exprese sCD44 ma podgbafil jako
exprese povrchové formy detnd statisticky vyznam# niz$i hladiny u TEL/AML1P*
pacienti; obr.3, giloha 2), je pravépodobné, Ze iedpokladana vyssi exprese u MEL
pacienfi neni zkreslena zvySenym uiol/anim solubilni formy.MLL"® leukémie maiji
pozitivni wtSinu blash, proto maji statisticky vyznamirnvy$si expresi ne®1LL"™ leukémie,
které ¢asto exprimuji CD44 pouze nZasti blash nebo jsou negativniTEL/AML1P®
pacienti). Timto zf)sobem je pravpodobré ovlivnéna i statistika dat z expresnich prifil

Je v8ak feba vzit v Gvahu i variantu, Ze vzhledem k nizkémottu vySetenych MLL"®
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pacienti se v naSem souboru nahedryskytli ti, ktefi maji nizsi expresi CD44 nez je pro

tuto skupinu ve skutmosti typické.

CD44 a T ALL
Vzhledem ke kratké da@bsledovani neni zatim mozné analyzovat vztah kuizelapsu u
pacientt s T ALL, ale vy3Si expresi maji pacientiaaeni na protokolu ALL IC-BFM 2002
do skupiny s vysokym rizikem (obr.2kilpha 1).

CD27 (TNFRSF7, T cell activation antigen)

CD27 je transmembranovy glykoprotein, kteryipato rodiny TNF receptar U lidi je
exprimovan na &3iné T burek, drefiovych thymocyt (45) a na NK biikach (46).
Vzhledem k jeho expresi na somaticky mutovanych udklch je povaZzovan za znak
panttovych B burk (47). Exprese CD27 se zvySuj@ giferenciaci par&ovych burk do
burgk plazmatickych, které jsou vysoce pozitivni (48gandem CD27 je molekula CD70
(49), jejiz exprese je vice regulovana a nachdpiosee pechodrt na aktivovanych T a B
buikéach (50, 51). Signalizacégs CD27 je dlezita @i kostimulaci T bugk, kterou spousti
praw interakce s ligandem CD70 (52-54). Interakce C@2ZD70 také reguluje syntézu
lgG a IgM (53). CD27 na svém povrchu nesou také@mbké B lymfocytarni leukémie,
folikularni lymfomy, lymfomy z pla&ové zony, lymfomy z marginalni zény sleziny (55) a
leukémie z plazmatickych bgk (56). CD27 je prognostickym znakem mnoémého

myelomu, kde je nizka exprese spojena s vysokyikenz (57).

Podle expresnich profilmaji mit vysokou expresi CDZVEL/AML1 pacienti (16), coZ
jsme potvrdili i na trovni proteinu (58). V publikaném souboru 56 paciént¢lo 20 z 21
TEL/AML1"**pacienti vice nez 30% CD27°blasfi. Mezi 35 TEL/AML1" pacienty nili
pouze dva vice nez 30% CD2? blasti (obr.1a., piloha 1). CD27 tak tvid spolu
s molekulou CD44 dvojici velmi silnych prediktotohoto genotypu, coz jsme potvrdili i na
dalSi kohort pacient (obr.2, giloha 2). Analyza podle vzdalenosti od Uhidky navic
ukazala, Ze tyto dvmolekuly jsou jedémi z nejsilr€jSich prediktoil tohoto genotypuibec
(obr.1c, piloha 1). Je zde také zobrazena prediktivni hod@@44 a CD27 i stanoveni
pomoci pfitokové cytometrie. # tomto srovnani je viét, Ze v glipad téchto molekul je
jejich prediktivni hodnota dostat®® silnd na to, aby byla zachovana fti pejich

samostatném &eni jinou metodou.

Ukazalo se, Ze informace o expre&thto molekul ma vyznam i pro spravné stanoveni
genotypu molekulash genetickymi metodami. Dva pacienti, jejichZ fenptyodle exprese
CD44 a CD27 ukazoval na pozitivillEL/AML1, vySli molekular# geneticky (podle RT
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PCR)TEL/AML1™. Tento rozpor nas ved| ke konfrontaci s vysledkyHF (Fluorescencen
situ hybridization), kterd itomnost fuzniho genu prokazala. Nasledna sekvenBd¥A
prokazala, Ze oba pacientilnblasty s dosud nepopsanymi zlomovymi misty vig@gL,
takZze buky nebyly zachytitelné &&n¢ pouzivanymi diagnostickymi systémy PCR. Tyto
vysledky ukazuji dosudasto pehlizenou korelaci mezi genotypem malignich ddua
procentualnim sloZzenim jednotlivych subpopulaciviNobjevena varianta fUZEEL/AML1
navic ukazuje, Ze i zkrdcena varianta fuzni moleRIEHL/AML1 je dostéujici k zachovani
tohoto imunofenotypu. Kro&toho, Ze jsme CD27 a CD44 pro jejich vyznatindiagnostice
leukémii z@adili do panelu antigenrutiné vySetovanych pi diagnéze, zkoumali jsme i
biologicky vyznam jejich exprese na nemalignichkach (viz dalSicast této dizertmi

prace).

CD135 (FLT3, fms-related tyrosine kinase 3)

CD135 mé& extracelularni doménu sloZzenou z5 imuwindinovych domén,
transmembranovéasti a dvou cytoplazmatickych kindzovych domén.dpéar je aktivovan
vazbou ligandu na extracelularni doménu, coz veti®ibé homodimeru a autofosforylaci
receptoru. Aktivovand kindza dale fosforyluie a iale efektorové molekuly
v apoptotickych, prolifenich a diferenciénich drahach hematopoetickych Blarv kostni
dreni. FIt3 ligand se vyskytuje v membranové nebalitii formé a na arovni proteinu byl
detekovan v T htkdch a stromalnich fibroblastech mikropresli kostni ¢ens. CD135 je
pritomna na CD3%° buikach kostni teng a to gedevSim nadth, které diferencuji do
myelomonocytarni linie. CD13% je i ¢ast CD34% bursk: kromg malé ¢asti CD16°
prekurzofi B burgk jsou to hlavi nezralé CD11%5CD14"™° monocytarni biky (59). Za
fyziologickych podminek je CD135 protoonkogen, ktemiZe zvySovat fezZivani a
proliferaci leukemickych blast Je exprimovan sady hematologickych malignit jako ALL
a 70-80% AML (60, 61). Aberantnaktivovana draha wvigledku mutace CD135 byla
pozorovana u 30% AML (62).

Vysokéa exprese CD135 byla identifikovana v expnesmpirofilu pacieni s gestaénym
genemMLL (44, 63). Pacienti sipstagnym genemMLL maji statisticky vyznaminvyssi
expresi CD135, ale pozitivni jsou kteri MLL™ pacienti (obr.4a, floha 2.). Vyraza
pozitivni jsouMLL™ pacienti s proB leukémii (obr.4bfiloha 2), coz mze znamenat, Ze
maji pestavbuMLL genu, kterd nebyla vy3eha nebo identifikovana, ale spiSe to odrazi
pavod proB leukémii ZasrgjSich diferencianich stadii. Naopak nizSi expresi CD135 maji
TEL/AML1 pacienti, jak uz bylo popsandide (64). U ALL byla vysoka exprese CD135

kromg pacientt s gresta¥nym genenMLL popsana i u hyperdiploidnich ALL. Tito pacienti
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maji konstitutivk aktivovanou flt3 kinazu. V naSem souboru padiensme u

hyperdiploidnich pacieiittaké pozorovali vySSi expresi CD135, ale byla akihjSi a u

¢éasti pacient byla pozitivni jentast blasi.

CD247 (CD3/T-cell receptor zeta)

CD3 zeta podjednotka tiio spoléné s podjednotkami CD3 gama, delta a epsilon a
s alfa/beta nebo gama/delta heterodimery Tetunreceptorovy komplex. CD3 zetetézec
je exprimovan také v NK hikach (65), ale ne v nemalignich B iéch. V ramci
hyperdiploidni ALL by exprese CD247&ma byt vySSi u pacieff kte‘i budou relabovat.
CD247 je u BCP ALL fitomna v fiznych intenzitdch exprese (obr.5jlgha 2) Korelaci

s rizikem relapsu bude mozné analyzovat az po wstadlouhé dob sledovani.

CDA49f (integrin alfa-6)

CDA49f se vyskytuje jako soast heterodimeru integiinalfa-6/beta-4 (TSP180) nebo alfa-
6/beta-1 (VLAG). Heterodimer alfa-6/beta-4 se nathdavré na epitelialnich btkach a
slouzi jako ligand pro &Sinu znamych laminiin (66). Jeho hlavni funkci jer@devsim
udrzovani integrity epitelii, hlaenepidermis (67). Integrin alfa-6/beta-4 jéle¥ity pro
tvorbu hemidesmozéim Jeho exprese také =zvySuje invazivni vlastnostingkbu
kolorektalniho karcinomu (68). ProtoZe v kostrierd jsou pitomny rekteré isoformy
laminina (69-71) a u progenitérhematopoetickych bk byla prokdzéna exprese CD49f
(72), pedpoklada se, Ze vazba mezi CD49fémito lamininy reguluje &které funkce
hematopoetickych bwk. Uloha CD49f pi homingu hematopoetickych kmenovych blin

do kostni ders jiz byla popsana na mysim modelu (73).

Podle expresnich profil by mgli CD49f vice exprimovatBCR/ABL® pacienti (21).
Pritokova cytometrie sice ukazala statisticky vyznammgssi expresi nez BCR/ABL"™
pacienti, ale i mezi &mi je fada s vysokou expresi CD49f (obr.6&ilgha 2). Velmi

pos

heterogenni expresi majilEL/AML1™ pacienti. Naopak vZzdy negativni jsou pacienti
s presta¥nym genemMLL, a to bez ohledu na to, zda se jedna o proB leukéhteré
naopak v ramcMLL"™ pacienfi CD49f exprimuji (obr.6b, ifloha 2). Podle studie Caria et
al. (22) ma vysoka exprese CD49f korelovat se &patpo¥di na I€bu. Podle nasich
predlEZnych vysledit pacienti, kt& Spat’d odpovidaji na prednison (PPR) maji skote
vySSi expresi CD49f neZ pacienti s dobrou odgdowa I€bu (PGR) (obr. 6c¢,ffloha 2). Je
tedy mozné, Ze analyza dat Ross et al. (21), ktetamolekulu oznéla jako prediktor
BCR/ABL genotypu je zkreslena faktem, Ze &mSichni tito pacienti odpovidaji Sp&tna
lécbu.
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Interleukin 10 receptor beta (ILLORB, IL-10R2)

Tato molekula je fidatny rettzec receptoru pro IL-10 nezbytny pro aktivni recepy
komplex. Koexprese tohoto proteinu a ILLORA je @ufpro genos signalu spudiého
vazbou IL-10. Tento gen a geny pro interferonoveéeptory jsou lokalizovany na malém
Uuseku chromosomu 21. Vazba interleukinu-10 sposi§tializaci pes tyrozinové Janus
kinazy (JAK)1 a Tyk2. JAK1 je asociovand s IL-108Tyk2 s IL-10R2. IL-10R2 tud také
spolgné s IL-22R1 receptor pro IL-22, s IL-20R1 receptoo fl-26 a s IFNAR1 receptor
pro IFN-A (74).

NiZSi exprese IL-10RB #ta podle expresniho profilu korelovat i§tpmnosti fuzniho genu
BCR/ABL. Tuto korelaci jsme na Grovni proteinu nepotvrdiiotoZze exprese IL-10RB je

pomerné nizka i u dalSich podskupin BCP ALL (obr.Filpha 2).

CD99 (MIC2)

Tato molekula je fitomna na thymocytech, T bkach a dalSich hematopoetickychikéch.
Ugastni se mezibwiné adheze a aktivace. Ligace CD99 na €& thymocytech
stimuluje jejich homotypickou agregaci (75). Liga€B99 na perifernich T kikdch spousti
kostimul&ni signél (76, 77). Vramci Bady byla exprese CD99 popsana dasnych
progenitorech v kostnitdni a v pfibéhu diferenciace se postupsnizuje (78). 77% BCP
ALL a 13% zralych B leukémii jsou pozitivni (79)ygpo byla tato molekula v naSi laboréto
zarazena mezi znaky vy$evané pi sledovani minimalni rezidudlni nemoci. Nezralé
thymocyty maji niz3i exprese nez zralé Tk U T ALL je intenzita exprese vysSsi nez u
normalnich T bugk (80).

Pacienti s faznim geneBCR/ABL méli mit vySSi expresi CD99, coz jsme potvrdili i poah
pratokové cytometrie (obr.8 ffioha 2).

CD103 (integrin alfa E)

Tento integrin tvéi komplex s beta7 podjednotkou a nachazi se naejpitelialnich T
buinké&ch, monocytech z periferni krve a aktivovanyca B buikach (81, 82). Podle Ross et
al. (21) ngla byt exprese CD103 snizendBCR/ABL pacienti, ale na Urovni proteinu
nebyla detekovana jeho exprese u Zadné ziersath BCP ALL (obr 9, filoha 2).
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Inducible T-cell co-stimulator ligand (ICOS-L)

Ligand jedné z kostimuéaich molekul (ICOS) tlezité @i regulaci proliferace T buk je

exprimovan na monocytech (83).

Vysoka exprese ICOS-L #ta korelovat s dobrou odpédi na I€bu, ale na leukemickych
buiik&ch ji nebylo mozné na drovni proteinu detekovidiec (obr 10, filoha 2). Pozitivitu

v expresnich profilech mohla &gobit kontaminace nemalignimiitkami.

TNFR2 (tumor necrosis factor receptor superfamily, member
1B)

TNFR2 je jeden z proteinz receptoroveé superrodiny TNF. Tento protein a ¥ddeptor 1
tvori heterokomplex, ktery zpraskuje aktivaci dvou antiapoptotickych proteic-IAP1 a
c-IAP2). kastni se kostimulace aktivace T Bkii84, 85).

Vysokéa exprese TNFR2 da podle expresniho profilu korelovat s dobrou odpd na
lé¢bu, ale podobhijako v gipac molekuly ICOS-L byla na arovni proteinu negatiyobr
10, giloha 2). | zde je mozné, Ze analyza byla zkresleridi kontaminaci vzorku pro

expresni profilovani nemalignimi tkami.

CD97 (TM7LN1)

CD97 pati do EGF-TM7 rodiny (EGF=epidermélnastovy faktor). Je to glykoprotein
ptitomny na povrchu &tSiny aktivovanych leukocyt (lymfocyty, granulocyty, monocyty,
makrofagy a dendritické lily) (86). Exprese CD97 byla jiz popsana irmnych typ
malignit jako karcinom S§titné Zlazy (87), kolordkiakarcinom (88), karcinom Zaludku,
pankreatu a jicnu (89). Exprese CD97 je spojovémaz\s/Senou schopnosti migrace
nadorovych bukk (88, 89). Exprese CD97 ma byt podle expresniabfiljr vyssi u
leukemickych bugk neZz na nemalignich prekurzorech (23) a podle sa&tdie ma byt tato
molekula u leukémii jednim z n&wdhalenych antigén specifickych pro maligni Liky.
VétSina vySdtenych pacierit tuto molekulu exprimuje, ale \&kterych gipadech jen na
casti blast (56+32%, n=24). Navic je CDY7 také malacast nemalignich CDX% B
prekurzofi v kostni deni. Pouzecast&na exprese na leukemickych idch spoléné

s mozZnosti exprese na nemalignich prekurzorech aiigpe pouZiti této molekuly nappii
detekci minimalni rezidudlni nemoci. Jednim z péolh analyzy expresnich dat je pfav
fakt, Ze oznéi rozdilns exprimované znaky, ale nelze detmdhadnout, jakou povahu bude

mit exprese. Statotiz, aby byla molekula exprimovana jen mat@sti nemalignich bk,
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tak jako v pipact této molekuly a uz je zda¢ omezencti znemozZgno jeji vyuZziti jako

znaku malignich bugk.

PRUTOKOVA CYTOMETRIE VS. EXPRESNI
PROFILOVANI

Cilem naSi studie bylo najit mezi korelujicimi gehkyeré odhalilo expresni profilovani,
takové, jejichZz expresi na urovni protéilze vySetovat pomoci pitokové cytometrie. Ta je
v diagnostice leukémii spolu s cytologickou morfpip cytogenetikou a molekularni

genetikou standardrpouzivanou metodou.

Do vySetovani u diagnostickych vzoikdétské ALL bylo dosud zZ@mzeno 11 molekul
vybranych podle dat z expresniho profilovani&wich jsou pouZitelné jako velmi dobré
prediktory gitomnosti fuzniho genTEL/AML1 (CD44, CD27). Uitch molekul byla sice
také potvrzena korelace, ktera vysla v expresnfofilgch, ale nejedné se o tak spolehlivé
znaky (CD49f, CD135, CD99). P@mme¢ ¢asté jsou totiZ ippady, kdy jsou exprimovany i na
buinkéch pacierit z jinych genotypovych podskupin, neZatt, se kterymi maji korelovat. U
dalSich tech molekul jsme zjistili, Ze na darovni proteinysoel na leukemickych hikach
exprimovany (CD103, ICOS-L a TNFR2). e se jednat o problém interpretace dat
z expresnich profil, kdy je v analyzovanych diagnostickych vzorciclstkd dens pritomna
piimés nemalignich bufk, které tyto molekuly exprimuji. Prediktivni hodgomolekul
CD247 pro relaps hyperdiploidni ALL a molekuly CDg#o relaps T ALL nebyly dosud
zhodnoceny vzhledem ke kratké dobledovani. NejlepSi prediktory jsme nalezli pro
genotyp TEL/AML1. Zd& se, Ze tito pacienti tiohomogensjSi skupinu, nez je tomu u
ostatnich genotyp Je to dote patrné z naSi reanalyzy dat podle vzdalenostinbojxicky.

V grafu, ktery ukazuje geny nejlépe definujitEL/AML1™ genotyp se jich nachazi
podstatg vice ve ¥tSi vzdalenosti od uhléfgky, nez je tomu u ostatnich skupin (obr.1a-f,
ptiloha2). Praw kvili vEétSi heterogenitostatnich podtypmaze byt problém najit molekuly,
jejichZ exprese je bude spolelidefinovat. UBCR/ABL™ pacienti bylo popséano ve studii
Fine et al.(43), Zeipklastrové analyze se jedna skupina @di zvI4¥ a druha tvti klastr

s pacienty nesoucimi fuzni geviLL. Vyhodou naSi metody, kterd uniofe identifikaci
korelujicich geti podle vzdalenosti od ahltipky je, Ze vSechny geny (probe sety) vidime v
jednom grafickém zobrazeni a proto je mozné sediiyj& mnozstvi korelujicich geénve
srovnani s ostatnimi podskupinami. Tato metoda fasi pracovni skupinnasleds
pouZita i v analyze expresnich dat ve studii Stegket al., kterd se zabyvala identifikaci
geni regulovanych fuznim geneffEL/AMLL (90). Zatimco naSe studie &mje k vyuZziti
dostupnych dat z expresnich profipro nalezeni novych diagnostickych zéakaboratde,
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které se na tuto metodu u leukémii specializujpaeuseji o jeji standardizaci. Ta ma vést
k zavedeni této metody do diagnostiky leukémii.n@tadizace probih& ve dvou fazich.
Nejprve maji byt identifikovany geny kibvé pro uéeni podtypu leukémie ijpadré geny,
jejichZz exprese budet@dpovidat odpasd’ na I&€bu a riziko relapsu. Tim by se z0zil qed
geni, jejichz exprese se pomoci expresniho profilowdSietuje z tisiét na stovky. Takto
zuzeny poet geri by mel byt pritomny nagipu ueném speciathpro diagnostiku leukémii.
Splréni tohoto cile je pravgbodobré redlné. Ezko si Ize ale v praxi fipdstavit, Ze tato
metoda by rdla nahradit vSechny stavajici techniky pouZivandiagnostice leukémii.
Velkou prekdzkou by prawpodobrt byla éasova narénost provedeni. Tu by jest
prodlouZzilo sortovani leukemickych btknz diagnostického vzorku, ktery krénmalignich
burgk obsahuje i #zné mnoZstvi buik nemalignich. Prace zabyvajici se vlivem
kontaminace na fale8nidentifikované geny, «ila jako kritickou hranici v fipac
leukemického vzorku 90% malignich ki (91). Nap. v diagnostickych vzorcich
zpracovanych v nasi laborétbylo pramérné 75+21% leukemickych bwk (n=360) a 74%
pacientt m¢lo mérg nez kritickych 90% blaét Kontaminace nemalignimi blkami je tedy
castym jevem. Po odebrani vzorku dochazi k postuegradaci RNA, proto jerdba
zpracovat ho co nejive. Vzhledem ktomu, Ze vzorky Kkostnitedt jsou do
specializovanych laboratio prepravovany acasto zpracovavany az druhy den, &ére
klinické praxi by se P pouZiti expresniho profilovani jako diagnostiakétody jednalo o
vyznamny problém. Pro zpracovani vzorku pratgkovou cytometrii neni tak kriticky
dulezita jeho kvalita, coz je spolu s rychlosti proderi této metody jeji velkou vyhodou.
Také naslednd statisticka analyza pouzivana prtyanaat z expresniho profilovani by
mohla zpmisobit gehlédnuti gkterych vyjime&né se vyskytujicich znak nebo vést ke
Spatnému Zazeni pacienta napv piipact hybridnich leukémii.
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CAsT 11: CD44 A CD27 - NOVE ZNAKY
CHARAKTERIZUJICIi DIFERENCIACNI STADIA

B BUNEK

V4

Uvob:

NEMALIGNIi HEMATOPOEZA - VYVOJ B
LYMFOCYTU

Hematopoetické hiky jsou odvozeny z pluripotentnich hematopoetickyanenovych
burgk. Z nich vznikaji myeloidni a lymfoidni prekurzorilyeloidni prekurzory diferencuji
do erytroidni, megakaryocytarni, granulocytarni anotytarni fady. Z lymfoidnich
prekurzofi se vyviji NK, T a B biikky. Objevuji se studie, které toto dlouho pouZivané
schéma wzreé modifikuji. Nag. Adolfsson et al. (92) identifikovali prekurzorteky ma
potencial dat vznik granulocytarni, monocytarniyenfbidni linii, ale nemohou se zjn

vyvijet erytrocyty a megakaryocyty.

Vyvoj lidskych B burk z hematopoetickych kmenovych knse odehrava nejprve ve
fetalnich jatrech a po#Zf v kostni deni. Prostedi kostni &ens, ve kterém dochazi
k diferenciaci, je tvieno stromalnimi hikami. Pro stimulaci diferenciace srem k B
buiikédm je kltova exprese transkdpich faktofi jako je Pax-5 a EBF (early B cell factor).
Vysledkem diferenciace ma byt vznikitky nesouci na svém povrchu antigémspecificky

B burg¢ny receptor. Tento procesti fkterém dochazi kigskupovani V, D a J segmént
imunoglobulinovych geln zatind jiz véasném stadiu vyvoje B bék V(D)J rekombinace
z&in& v genech pragtké imunoglobulinovéetizce (GH). Nejprve dochazi kipskupeni
Dy k J4 oblasti. Pomoci enzyinRAG-1 a RAG-2 vznikaji dvaettzcové zlomy DNA.
ProtoZze enzymy RAG &bi DNA asymetricky, ke kratSimtetzci jsou gidany nukleotidy
komplementarni s koncem delSilietézce, aby mohlo dojit k ligaci zlomu. Tyto tzv. P
nukleotidy jsou jednim z mechanigmzniku receptorové diverzity. Dalsim mechanismem j
piipojeni az 20 tzv. N nukleotiq které zprosedkuje enzym terminalni deoxynukleotidyl
transferaza (TdT). DalSim krokem V(D)J rekombinpcgreskupeni VY, k D}, oblasti, které

vede ke vzniku VDJ exonu. Vysledkem ugpného peskupenilGH je exprese pre-B
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receptoru. Tento proteinovy komplex tdezky rettzec imunoglobulinu, nahradni lehky
fettzec sestavajici z protéirypreB (CD179a) a5 (CD179b) a heterodimer dga I3, ktery
slouzi k genosu signalu (93). Podle publikovanych médeéni pro spushi signalizace
nutna vazba ligandu, ale agregace algspvou receptar na bugéném povrchu (94-96).
Signalizace zprostdkovana pre-B receptorem vede k proliferaci ¢hua k potl&eni
exprese enzytnrekombingniho aparatu, které jeakbzité k eliminaci vzniku nahodnych
DNA zlomu pii replikaci. Nasleda se geskupuji geny pro lehké imunoglobulinoke$ézce
(IGL). Toho se stephjako pi prestavovaniGH €astni enzymy RAG, ale uz ne enzym TdT,
ktery uz neni vtomto diferenciaim stadiu térg pritomen (97). Pokud je vysledkem
pieskupenilGL exprese funéniho lehkého imunoglobulinovéheetézce, ktery vytvei
komplex sé&Zkym imunoglobulinovymietzcem, biika na svém povrchu exprimuje B
burg¢ny receptor tvieny molekulou imunoglobulinu. Bla je v tomto stadiu vyvoje

ptipravena opustit kostnireh jako naivni B biika.

V néazvoslovi vyvojovych stadii B btk dosud nepanuje shoda. Pouziva se jigkolik
v rdmci vyvoje lidskych B butk a dalSi pak u mySiho modelu. Nejpouzijghnéazvoslovi u
lidi jsou podle praci LeBiena (98) a Lokena e{(@9), ktera jsou shrnuta v tabulce 1 (str. 62,
ptiloha 3). Tabulka obsahuje fghled molekul, jejichz exprese jednotliva stadiavazi.
Dulezité je nalezeni paralely mezi vySe popsanymkkrdiferenciace a expreséchto
molekul, které pak lze vyuZit k analyze diferetiniah stadii naip pomoci paétokové

cytometrie, tak jako v naSi praci.

Jako znak népsrgjSiho diferencianiho stadia se vyuzivd molekula CD34. CD34 je
povrchovy glykoprotein typu sialomucinu, ktery s&astni bus¢né adheze. Tato molekula
je piitomna na hematopoetickych kmenovychikAch, proto se vyuZiva k posuzovani
kvality S€pu kostni dergé pred jejich transplantaci. Tato molekultefvava i natasnych

vyvojovych stadiich Bady, kdy buky ziskavaji molekuly CD10 a CD19.

CD19 je obecnym znakemBdy ve v3ech stadiich vyvoje B hkiin které ho ztraci az jako
zralé plazmatické biky. Jeji extracelularnic¢ast je tvéena déma doménami
s imunoglobulinovou strukturou. Koligace CD19 a &n&Eného receptoru hrajealbZitou

tlohu (¥ signalizaci pes tento receptor.

CD10, jak napovida jeji alternativni nazev (CALLAcommon acute lymphocytic leukemia
antigen), je molekula vysoce exprimovanastsiny BCP ALL, coZ z nEini dulezity znak
vyuzivany v diagnostice leukémii. Jeji exprese @rdovakéasna stadia vyvoje B bk, na
kterych se objevuje pravdodobré jeS€ o reco dive neZz molekula CD19 (100).
V hematopoetickém systému jéitpmna také na granulocytech (101), ale nachazinse

dalSich tkénich, nd@p na epitelu glomerdl Tento glykoprotein je membranovéa
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metaloendopeptidaza (téz znama jako enkefalin&ta)d S¢pi a tim inaktivuje skolik

peptidovych hormainjako glukagon, enkefaliny, oxytocin a dalSi (10Q3).

Ke ztr4® molekuly CD34 dochazi poigsta¥ni geri pro £zké imunoglobulinové&etzce.
Buiky s pesta¥nymi geny pro lehké imunoglobulinovietézce jiZz nenesou molekulu
CD10, jejiz exprese se viehu diferenciace postuprsniZzuje a biiky ziskavaji molekulu
CD20. Tento povrchovy protein z rodiny MS4A je nd@ikach gitomen, dokud se z nich
v kone&ném stadiu jejich diferenciace nestanou plazmatitkiéky. CD2G°CD10™
subpopulace v kostnifehi pedstavuje boiky s grestaénymi IGH a IGL, exprimujici B
burg¢ny receptor a ffipravené opustit kostniieh a casténé také recirkulujici B biiky.
VySeteni kombinace vySe uvedenych povrchovych molekldosini deni umo#uje

sledovani nemaligni i maligni B lymfopoezy.
CiLE:

Cilem bylo zjistit, jestli je molekula CD27pomna na nemalignich B prekurzorech a déle

zmapovat expresi molekul CD44 a CD27 vul@hu diferenciace B buik v kostni deni.

METODY:

Metody pouZité v tétdasti prace jsou podrobmozebrany v filoze 3.

VYSLEDKY A DISKUZE:

Vzhledem k tomu, Ze CD27 je v ramciiBdy povaZzovana za znak p&imvych B burk,
zajimalo nés, zda je jejripomnost na leukemickych B prekurzorech (viz kagitdolekuly
vybrané z expresnich prafila jejich stanoveni pomoci jiokové cytometrie) fipadem
asynchronni exprese. Jako asynchronni expresiomme situaci, kdy leukemické fka
exprimuje molekulu, ktera se normélayskytuje v jiném stadiu vyvoje, nez ze kterého je
leukémie odvozena. PouZiti polychromatickétpkové cytometrie nam umoznilo zjistit, zda
je tato molekula fitomna v pébéhu diferenciace B buwk v kostni deni. Rekvapiw se
ukazalo, Ze naasti CD19°CD10™*°B prekurzoit se molekula CD27 skute¢ nachazi. Nase
prace tedy jako prvni ukazala, Ze CD27 neni u Vidamci B fady vyhradg znakem
pameétovych burk, ale nachazi se uz casném stadiu jejich vyvoje. Exprese CD27
v ¢asném stadiu diferenciace byla popsana na mySichatopoetickych kmenovych
buiikéch (104). U leukemickych a nemalignich prekuizopo nas popsala také Nilsson et
al. (105). Expresi CD27 jsme v nemaligni kostiénil vySefili v kombinaci s molekulou

CD44, abychom zjistili, jestli jsou zde&ipmné CD4XCD27°° (27SP) imunofenotypové
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protjsSky TEL/AML1™* leukemickych bu#k. Tuto subpopulaci jsme mezi B prekurzory
identifikovali. RovréZz jsme identifikovali CD4%#CD27*° (44SP) imunofenotypové
protjsky TEL/AML1™ leukemickych bugk a dale CD4#CTD27*° (27/44DP) a
CD44°CD27"* (27/44DN) buiky, které jsou u leukémii vzacné (obr.Lilgha 3). V
zastoupeniéchto subpopulaci v rdmci CDY&ED10*° B prekurzofi dominuje 27/44DN
subpopulace, mérje 44SP bu¥k a minoritni zastoupeni maji 27SP a 27/44DP sublpop
(obr.2, iloha 3). Polychromaticka fitokova cytometrie nam dale umoznilgegrEji zjistit,

v jakych stadii diferenciace se tyto subpopulaceh&ai. Expresi CD44 a CD27 jsme
stanovili spoléné se znadmymi vySe popsanymi diferegaiimi znaky B budk CD19,
CD34, CD10, CD20, intracelularni TdT (iTdT), intedglarni VpreB (iCD179a) a
intracelularni IgM (ilgM). Nejvyssi zastoupeni COZbunsk je v 27SP subpopulaci a dale
klesd v 27/44DP, 44SP a 27/44DN subpopulacich 388, priloha 3). Podobnou
dynamiku ma fitomnost CD10" burgk, ktera je nejvy3si ve 27SP subpopulaci, nizsi ve
27/44DP a velmi nizka ve 44SP a 27/44DN subpoptha@dbr.3C,D, filoha 3). Podle
exprese CD34 a CD10 se jednotlivé subpopulace maghéznych diferencignich stadiich,
coz potvrdila i exprese intracelularnich diferetiniah antiged. Postups se sniZuje exprese
iTdT aiCD179a a zvySuje se exprese intracelulérilgi (obr.4, giloha 3). Stanovili jsme
také expresi enzyin rekombingniho aparatu (TdT a RAG-1) na urovni mRNA
v sortovanych subpopulacich pomoci revéramanskriptazové polymerazovéetézové
reakce v realnéntase (RQ-RT-PCR). Stejnjako na proteinové urovni klesa se ztratou
exprese CD27 hladina TdT (obr.5Ailpha 3). NejvySSi expre$AG-1 maji 27SP biiky,
nejnizsi je ve 27/44DP Hlkach a dale stoupé ve 44SP a 27/44Diklkaoh (obr.5B, filoha

3). Exprese RAG-1 se vigichu diferenciace B buk sniZuje po pesta¥ni gerii pro €zky
imunoglobulinovytetzec ve stadiu velkych proliferujicich btk Domnivame se, Ze tento
mechanismus ma utlumit aktivitu rekomhbiného aparatu a zabranit tak poskozeni DNA
v proliferujicich buikach. Analyza velikosti butk ve sledovanych subpopulacich stanovena
jako zastoupeni bwk s vysokym FSc ukazala, Zze mezi 27/44DRikami je nejvyssi
zastoupeni velkych bghk (obr.6, fgiloha 3). To koresponduje s nizkou hladin@aG-1

v téchto buikach a s naSimipdpokladem, Ze 27/44DP subpopulace odpovida stétkiyich
proliferujcich bugk. To povaZujeme za pamé vyznamné zji&ni, protoZze toto stadium
nebylo dosud dostate¢ imunofenotypo¥ definovano. Bylo sice popséano, Ze tytaiky
exprimuji povrchovy VpreB, ale pouze jejichéitd ¢ast(97). Enzymy rekombigaiho
aparatu se dastni gestavovani genpro €zké a lehké imunoglobulinovi&tézce. Pomaoci
multiplexové RQ-PCR byla zji&a gFitomnost kompletnich ipstaveb geh pro €zké
imunoglobulinové fettzce ve vSech sortovanych subpopulacich. To znameed,

piestavovani IGH probiha nebo bylo dokéeno uZ v nejasrgjSim sledovaném
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diferencignim stadiu, 27SP likach. RPestavby gein pro lehké imunoglobulinovéetzce,
které byly stanoveny pomoci detekiotron RSS-Kde jsou gFitomny az ve 44SP a 27/44DN
buikéch (obr.7, filoha 3). Tyto vysledky koresponduji s expresi emkyekombingniho
aparatu. 27SP subpopulaci tedyitvounky prestavujici nebo sipstaénym IGH, 27/44DP
se nachazi ve stadiu velkych proliferujicich dua 44SP a 27/44DN jsou itky prestavujici
IGL.

Podle exprese molekul CD44 a CD27 jsou nemaligmiroisjSky TEL/AML1P® leukémii
bunky v ¢asrjSim stadiu diferenciace nez ¥ipads TEL/AML1™ leukémii. Je zajimavé, Ze
u TEL/AML1 leukémii byla zji&na vysSSicetnost pestaveb geinpro T bureny receptor
(TCR) a imunoglobuliny (tabulka 1fjoha 5) (106). Tento imunogenotyp nemusi gutn
odradZzet jvod ze zralejSich bwk, ale je mozné ho vystlit vysokou aktivitou
rekombing&niho aparatu v TEL/AMLT®leukemickych btikach. Podle naSi reanalyzy dat
z expresnich profil (16) maji tyto leukémie vy3Si expresi genu p¥G-1 (odstavec 4.3,
piiloha 5). Také jejich imunofenotypové pdky zaloZzené na expresi CD44 a CD27 maiji
vySSi expresiRAG-1 a TdT nez imunofenotypové prgsky TEL/AML1™ leukémii.
Leukemické biiky s vysokou rekombirgai aktivitou tak mohou déletpstavovat geny pro

TCR a imunoglobulinovéetzce.

Souvislost exprese CD27 a &mv genech pro imunoglobuliny podporuje fakt, 28 burgk
se CD27 znovu objevuje viighu somatickych hypermutaci éstava pitomna na povrchu
panmgtovych burk. My jsme v kostni teni mezi CD28CD10™° (nejvice diferencované
buriky v kostni deni) buikami detekovali biikky nesouci molekulu CD27. Prajgbdobré se
jedné o recirkulujici pastové B buiky. MoZnost migrace pattiovych burk do kostni
diers byla popséana jizitve (107).

Nilsson et al. (105) popsala vysokou expresi CD2TD34°°bunikach, které jestnenesou
CD19, tedy na hematopoetickych kmenovychlach, stejs jako bylo popsano u mysi. My
jsme vsSak takovych bék pozorovali jen velmi malo a ty navic byly CD{Otedy
praviépodobrt jiz patily k buinkdm B fady (100). Procento CDZ7 burgk vyznamm
vzrostlo na CD3%#° buikach nesoucich CD19. NaSe data tedy ukazuji, adiplovazi
exprese CD2%asnou fazi diferenciace beh smérem k Bifadk a dynamika jeji exprese

v téchto fazich vyvoje se zcela neshoduje s expresidiho modelu.

MozZna uloha CD27 na prekurzorech je regulace apgpt@protoZze zapojeni CD27
v apoptotickych kaskadach uZz bylo popsano. Podl¢enych model je antiapoptoticke,
podle jinych naopak proapoptotické. Stimulace CD2primarni kultie leukémie
z plazmatickych butk meéla antiapoptoticky efekt (56). Byla také popsanacese CD27

s TRAF2 a TRAF7 vedouci k aktivaci N€B (108). Apotbza hraje navicdasném stadiu
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vyvoje B burkk vyznamnou roli, protoZe takto umiraji iy, které nejsou Gsgné pi
pifestavovani gen pro imunoglobulinovéiettzce. Nolte et al., ki€ se zabyvali Ulohou
exprese CD27 na mySich progenitorech, vyslovilidigpu, Ze ize hrat tlohu  regulaci
vzniku autoreaktivnich B bwk (109). Pokud je imunitni systém vystaven antigenn
stimulaci (nap. v pribéhu infekce), zvySi se exprese CD70 na fikaeh. Vzhledem k tomu,
Ze tato molekula je ligandem CD27, domnivaji seakivované T biiky nesouci CD70
mohou i recirkulaci v kostni eni blokovat proliferaci B prekurzorprostednictvim
interakce CD70 s CD27. Tentoieglpoklad maji experiment&n podloZzeny pouze
pozorovanim, e CDZ27 progenitory proliferuji rychleji, extrapolace k fgiogickym

mechanismim je jinak pouze spekulativni.

Podle nasich vysledkse v pfibéhu vyvoje B bugk dvakrat sniZuje exprese CD44. Zatimco
vétSina CD34” bungk je CD44 jeji exprese klesa spdl® se ziskanim CD10 a CD27
(obr.8, iloha 3). Nejasr¥jSi B prekurzory tedy tuto molekulu na svém povroemesou az
do doby, kdy usgsre prestavilGH a stanou se velkymi proliferujicimi fikami, které jsou
CD44°° U burek s grestaenymi IGL jeji exprese o klesa. Buiky ji vSak pravdpodobré
potiebuji v dol, kdy opousti kostni ién, protoze vSechny CD2OCD10™ buiiky (tedy
nejvice diferencované B bky pred opu&tnim kostni dens, nebo recirkulujici B biky) ji

na svém povrchu @&p nesou. Dynamika exprese CD44 je pkpatlobr vysledkem
migrace budk mezi takzvanymi niche ve stromatu kostiterd, ve kterych prochéazeji
buiky riznymi stadii diferenciace. Experimentélbylo prokazano, Ze zablokovani CD44
pomoci monoklonalni protilatky vede k inhibici heimaoezy (110). Dworzak et al., oziila
ve své praci tuto molekulu jako vhodny znak ke &l&ahi minimalni rezidualni nemoci. U
BCP ALL totiZ popsali aberantmizsi expresi neZ u normalnich prekufz¢t11). Tato data
jsou vrozporu s nasSim pozorovanim, které nam uitwZpouziti polychromatické
pratokové cytometrie. Z naSich vyslddije patrné, Ze intenzita exprese se tbphu
diferenciace mni od negativity do pozitivity fiblizné ve stejném rozsahu v jakém ji
exprimuji leukemické hiky (od negativity UTEL/AML1® az po fizné stupd pozitivity
TEL/AML1™ pacient).

Podle nasich vysledktedy gitomnost molekul CD44 a CD27 na B prekurzorech stikio
dieni provazi stadia diferenciace B prekutzorStanoveni jejich exprese Ize tedy fiob
vyuzZit k presrgjSimu ugeni, vjakém stadiu vyvoje se B itka nachazi. Prokazana
piitomnost molekuly CD27 wasném stadiu vyvoje B prekuroznemoiuje vyuziti této
molekuly ke sledovani minimalni rezidualni nemociTEL/AML1" pacienti, ktefi tuto
molekulu typicky exprimuji. CD44CD27°° imunofenotyp &hto leukémii by mohl st

o0 tom, Ze jsou odvozeny ¢asrjSiho stadia diferenciace neEEL/AML1™ leukémie.
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CAsT 1ll: CD66¢C

Uvob:

Molekuly pritomné na bikdch BCP ALL se zvelkéasti shoduji s povrchovymi
molekulami normalnich lymfoidnich prekurfomMaligni lymfoblasty viakasto exprimuji
nekteré znaky myeloidnich begk. Mechanismus vzniku tohoto jevu, ktery ozmigme jako
aberantni exprese, nebyl dosud zcela oBjasrExistuji hypotézy, podle kterych je
vysledkem fpvodu leukémie z buik, které jedt nebyly zcela diferencované &ram
k lymfoidni linii. Podle jinych ndZe jit o gimy dasledek genetickych z#n v leukemickych

bunkach.

Jednim z myeloidnich znaKasto pitomnych u BCP ALL je molekula CD66c. J&tpmna
u vétSiny BCP ALL nesoucich fazni geBCR/ABL a u \&tSiny hyperdiploidnich leukémii.
Naopak u ¥tSiny leukémii s fuznim genemMEL/AML1 molekula CD66¢ $itomna neni

(112). Jedna se o restjSi popsany myeloidni antigen u ALklvec (113)

CD66¢c (CEACAMG6 — carcinoembryonic antigen- relateell adhesion molekule 6) je
¢lenem rodiny karcinoembryonalnich antigea je tvdena déma doménami se strukturou
podobnou imunoglobuliim a je silg glykosylovana. V bu&né membrad je zakotvena
glykosylfosfatidylinositolovou (GPI) kotvou. V rambematopoetickych bk ji normalre
exprimuji granulocyty a jejich prekurzory (114, }1%mto buikdm slouzi k homotypické a
heterotypické adhezi a jejim pretinictvim se spousti signalizace zavisla na iox@ni
vapenatych iorit (116). Skladovana je v intracelularnich granul&chpo aktivaci se na
buikéch zvySuje povrchova exprese (117). digompna i na jinych neZz hematopoetickych
buinkéach, hlavé na epitelidlnich btkdch fiznych organ, nag. steva. Jeji exprese je

zvySena na hikach kolorektalniho karcinomu (118).
CiLE:

Cilem bylo zjistit, jak je u lymfoblagtregulovana exprese molekuly CD66c¢ a jak je stabiln

od diagnozy k relapsu onemde.

METODY:

Metody jsou podrobhirozebrany v filoze 4.
28



VYSLEDKY A DISKUZE:

Sugita et al. navrhli, Ze CD66¢ je intraceluaraxprimovana ve vSech testovanych
leukemickych bu&nych liniich bez ohledu na jejtipomnost na povrchu bk (119). Toto
Zjisteni je v rozporu s nasimi vysledky, podle kterychnjelekula intracelulamh pritomna
pouze v biikach, u kterych byla zji§ha téZ povrchova exprese. To jsme prokazali naniirov
proteinu pomoci gitokové cytometrie (obr.3ffpoha 4.) a negativitu b@k bez povrchové
exprese jsme potvrdili i citl§jSi metodou Western Blot (obr.5tileha 4). Byla vylodena
téz gitomnost MRNA (obr.4, ffloha 4.). Tyto vysledky s¥ci spiSe pro regulaci exprese
CD66¢c na uarovni transkripce nez pro model Sugityalet(119), podle kterého skladuji
vSechny leukemické lymfoblasty molekulu intracefotda jen u ®kterych je vystavovana

na bur¢ny povrch.

Sledovali jsme také vyvoj exprese CD66¢ od diagrideglapsu nemoci. Mezérnito body

se exprese molekuly zcela neztracela a ani nedelchlzejimu ziskani, zaznamenany byly
pouze kvantitativni rozdily (obr.6,fippha 4). Podle naSich dat nem& exprese CD66c
prognosticky vyznam (obr.7,fiioha 4). Ten byl v3ak prokdzan wkterych solidnich
tumorn, nag. u karcinomu pankreatu. d vitro modelu tohoto onemoeni a kolorektalniho
karcinomu CD66¢c zabtiaje anoikis, tedy apoptéze hiky ke které normakh dochazi p
abnormalni adhezi k substratu (120-122).

29



ZAVERY

CAsT |

Provedli jsme analyzu expresnich priofidétské ALL a vybrali potencialni

prediktory genotypovych podskupin a rizika relapsu.

Do vySetovani u diagnostickych vzoikdétské ALL bylo dosud Z@zeno 11

molekul.

Dvé z nich jsou pouZitelné jako velmi dobré prediktgijtomnosti fuzniho genu
TEL/AML1 (CD44, CD27).

U trech molekul byla sice také potvrzena korelace, akteySla v expresnich
profilech, ale nejedn& se o tak spolehlivé zndB@R/ABL: CD49f, CD99,MLL:
CD135).

U dalSich tech molekul jsme zjistili, Ze na Urovni proteinysoal na leukemickych
buikach exprimovany (CD103, ICOS-L a TNFR2).

Prediktivni hodnoty molekul CD247 pro relaps hypeliadni ALL a molekuly
CD44 pro relaps T ALL nebyly dosud zhodnoceny vdbha ke kratké dab

sledovani.

Vytvorili jsme statisticky pistup, ktery umokuje srovnani prediktivni hodnoty

exprese jednotlivych molekufigstanovenidiznymi metodami.
Expresi rkterych gei se nepoddo potvrdit na Grovni proteinu.

Molekuly CD44 a CD27 povazujeme za kandidatyazeni do diagnostického

panelu ruting vySetovanych molekul.

CAsT 11

Jako prvni jsme popsali expresi molekuly CD27 nakpreorech B bugk v kostni
dreni.

Na zaklad exprese molekul CD44 a CD27 jsme v kostiénd identifikovali
nemaligni pratjSky TEL/AML1** leukemickych bugk (CD44°CD27%), které se
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nachazi \asrgjSim stadiu diferenciace nez imunofenotypové préjSky
TEL/AML1™leukemickych bugk.

* Na zaklad exprese diferenctaich antigefi, enzynii rekombin&niho aparatu a
pritomnosti gestaveb imunoglobulinovych génvoii CD44"°CD27°° subpopulaci
buiky prestavujici nebo sipstaénym w®zkym imunoglobulinovym fetzcem,
CD44°CD27° subpopulace se nachazi ve stadiu velkych projitdch burgk a
CD44°CD27* a CD44°CD27*%jsou buiky prestavujici lehky imunoglobulinovy

retzec.

CAsT Il
* Molekula CD66c je intraceluldémiitomnd pouze v hikach, u kterych byla zji8ha
téZ povrchova exprese.

» Od diagndzy k relapsu se exprese CD66¢c neztraciemttichazi k jejimu ziskani.

* Podle nasich dat neméa exprese CD66¢ prognhostickyarg.
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SEZNAM ZKRATEK

ALL (akutni lymfoblastick& leukémie)
AML (akutni myeloidni leukémie)

BCP ALL (B prekurzorovéa akutni lymfoblasticka lerkie)

CALL (common akutni lymfoblasticka leukémie)
CML (chronick& myeloidni leukémie)

FSc (forward scatter)

IGH (geny prodzké imunoglobulinovéetzce)
IGL (geny pro lehké imunoglobulinowétzce)
mADb (monoklonalni protilatka)

MRN (minimalni reziduélni nemoc)

RQ-RT-PCR (reverzntranskriptazova polymerazovéttzova reakce v realnésase)

RT PCR (reverzihtranskriptadzova polymerazovétizova reakce)
SSc (side scatter)

TCR (T burény receptor)

TdT (terminalni deoxynukleotidyl transferaza)
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TO THE EDITOR

Expression profiling studies have provided data on an unprece-
dented number of genes that are expressed in malignant cells.'
The critical number of genes which can predict a particular
genotype is a matter of discussion. Downing pointed out that as
few as 20 genes may be necessary for an accurate prediction of
subsets and prognosis; these genes should be specifically
studied, perhaps by methods like reverse transcription poly-
merase chain reaction (RT-PCR) or flow cytometry (FC) (Down-
ing in Carroll et al’). FC, which shows the expression of
molecules in mutual context on individual cells, appears
optimal for such analysis.

The present study (Microarray-guided FC) is designed to
systematically screen for genes within the existing expression
profiling studies on childhood acute lymphoblastic leukemia
(ALL)."” The genes, which are identified as best correlating with
the pediatric ALL subgroups (E2A/PBX1, MLL, TEL/AML1, BCR/
ABL, ‘novel’ and hyperdiploid genotypes; patients who later
relapsed and those who developed therapy-induced acute
myeloblastic leukemia), are selected. After recalculation just
for the B precursor ALL cases, we select the genes in which the
difference in expression is likely to be observed at the protein
level. Next, we select molecules with suitable cellular localiza-
tion (nonsecreted proteins) and with an available mAb.
Reactivity and specificity of mAbs are tested in healthy
peripheral blood cells and/or in cell lines. The respective
molecules are investigated by four-color FC in diagnostic bone
marrow (BM) samples. Five molecules have proceeded into this
step (CD44, CD27, CD49f, CD247 and CD103). We present
here the results of CD44 and CD27 expression, which are
investigated in the largest cohort.

A total of 66 patients with B-cell precursor ALL and 14
patients with T lineage ALL were considered to enter CD44 and
CD27 investigation. These patients represent all Czech children
(age lower than 18 years) diagnosed with ALL between 03/2003
and 02/2004. Five patients (four B-cell precursor and one T
lineage ALL) were excluded due to low sample volume. CD44
expression was investigated in 62 B-cell precursor ALL patients
(21 TEL/AML1P®, 18 hyperdiploid, four BCR/ABLP®, two
MLLRP®® and 17 with none of the above-mentioned genotype)
and CD27 expression in 56 B-cell precursor ALL patients (21
TEL/AMLTP®%, 15 hyperdiploid, four BCR/ABLP®*, one MLLRP®®
and 15 with none of the above-mentioned genotype). Informed
consent was obtained from patients and/or their guardians.
Patients were treated according to ALLIC BFM 2002 or Interfant
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99 protocols. The presence of TEL/AML1, BCR/ABL fusion genes
and MLL gene rearrangement (MLLR) was detected by two-
round nested PCR; hyperdiploidy was assessed using DNA index
flow-cytometric measurement. CD44 and CD27 antigens were
stained with an anti-CD44 FITC and anti-CD27 FITC (BD, San
Jose, CA, USA) in four-color combinations with antigens from a
standard panel (anti-CD10 PE, anti-CD19 PC5 or PC7, anti-
CD34 APC, Immunotech, Marseille, France). Data were
acquired using a FACS Calibur flow cytometer (BD). Antigen
positivity was analyzed on gated malignant cells according to
the isotype control. To evaluate differences of expression
between the subgroups, a nonparametric Mann-Whitney test
was performed using StatView software (SAS Institute, Cary, NC,
USA).

Expression profiling found the gene for CD44 (Hermes, Pgp-1)
to be one of the best correlating with the MLL genotype and with
the subgroup of T-ALL patients who later developed hematolo-
gical relapse.' Although MLLRP** blasts in our cohort did show
CD44 positivity, so far we have not observed a higher CD44
expression compared to other CD44P° B-cell precursor ALL
cases (Figures Ta, 2a). In addition, CD44 expression significantly
correlated with higher risk T-ALL (P=0.032) (Figure 2b). This
also indicates that the current risk stratification of the T-ALL
patients within the ALL-IC BFM2002 protocol (based on age,
leukocyte count at presentation, early treatment response and
unfavorable molecular genetics, as in other major frontline
therapy protocols) corresponds to the true biological risk.
Furthermore, CD44 expression was significantly lower in TEL/
AMLTP?®* ALL (P<0.0001), which is in line with the observation
of one of the two expression profiling studies.’

The association with TEL/AMLT genotype was also found in
CD27 (TNFRSF7) gene expression,' but another expression
profiling study® showed only a correlation with BCR/ABL
genotype. We found a strong correlation of CD27 with TEL/
AMLT1 positivity. CD27P° blasts above 30% were detected in
20/21 and 2/35 patients with TEL/AML1P® and TEL/AML1"¢®
ALL, respectively (P<0.0001) (Figure 1a). Since the opposite
correlations with TEL/AML1 were observed for CD27 and CD44,
we analyzed the composite picture of the expression of these
two molecules simultaneously (Figure 1a, b). Most cases in both
expression profiling studies and in our cytometric study can be
considered either CD44P°° or CD27P%. Dual CD27P°*CD44"°
blasts are typically seen in BCR/ABLP®® ALL and a subset of TEL/
AMLTP® patients exists with CD44P°*CD27P°* blasts. In our
cohort, the TEL/AML1P®® case with 51% CD44P cells presented
with an unusually high blast count (peripheral leukocytosis
109 x 10° per ml) and higher percentage CD66cP** blasts (25%)
compared to the typical TEL/AML1P® patients® — other
presentation parameters corresponded well with the genotype.

CD27 has been considered to be a general marker for memory
B-cells in humans and so far its expression in human B-cell
precursors has not been reported. Here we show that this
antigen is indeed expressed in malignant B precursors at a
protein level. Moreover, an experiment with seven-color FC on
nonmalignant BM (FACS Aria, BD, data not shown) did confirm
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Figure 1 Clustering of ALL genotypic subgroups according to CD44 and CD27 expression. (a) FC data. (b) Expression profiling data from Yeoh

etal." Probe set numbers 40493_at (CD44) and 38578_at (CD27). (c) The TEL/AML1 predictive value of CD44 and CD27, detected by FC or in two
expression profiling studies. Comparison to the other 12 623 probe sets analyzed in Yeoh et al." Noncorrelating genes are near the hatched
diagonal. An optimal cutoff value was found for each probe set based on the best discrimination of TEL/AML1P®* from other B-precursor ALL cases
(largest distance from the noncorrelating diagonal). Circles represent individual probe sets (values corresponding to the best CD44 and CD27
probe sets are enlarged). Squares represent CD44 and CD27 from Ross et al’ (probe set numbers 212063 _at for CD44 and 206150_at for CD27),
triangles show CD44 and CD27 by FC, this cohort. In expression profiling studies, the best correlating probe sets were used in both instances.

CD27P% cells in all four specimens (12+2.2% among
DAPI™8CD19P**CD10P**CD20"® cells, among these CD27P**
cells 45+ 13% were CD34P%). The dynamics of CD44 expres-
sion on developing B-cells during hematopoiesis was already
reported. We are going to analyze the recombination status of Ig
genes in subpopulations of precursor B-cells with CD44 and
CD27 expression corresponding to lymphoblasts.

To compare the value of CD44 and CD27 with the other
expression profiling data for the prediction of TEL/AML1 status,
we used the same plot as described previously in the FC
metaanalyses® (Figure 1c). This format depicts graphically the
predictive value of each probe set or molecule for the TEL/AML1

Leukemia

status. Each probe set or molecule is separately compared to its
optimal cutoff value in all BCP ALL patients of the respective
cohort. The probe-set-specific optimal cutoff value was deter-
mined using a statistical software R (http://www.r-project.org).
The optimal cutoff value is the one that leads to the best
resolution between TEL/AML1P®® and TEL/AML1"® subsets,
judging by the distance from a noncorrelating diagonal. The
percentage of TEL/AML1"® patients above the cutoff value is
compared to the respective value in TEL/AML1P®® patients. The
overall predictive values for CD44 and CD27 are 93 and 95% in
FC, 82 and 91% in Yeoh,' and 90 and 90% in Ross,>
respectively. The difference in predictive values is in compli-
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Figure 2
MLLRP® (thick lines), together with typical hyperdiploid (thin lines) and TEL/AML1P°* (dashed line) cases. Y-axis shows frequency. (b) CD44
expression in T-ALL patients. Expression profiling data of patients in clinical complete remission (CCR) and relapsed patients.' Probe set number
1126_at is shown (left panel). FC data of patients in the intermediate (IR) and high-risk (HR) groups (right panel).

ance with the fact that FC can investigate the expression of
tested molecules on pure ALL cells. We studied the other
molecules (CD49f, CD247 and CD103) in specimens of fewer
patients and thus it would be too early to establish their
predictive values.

The principle that class-defining genes may be selected within
microarray data has been suggested previously (Downing in
Carroll et aP). The results of the presented screening strategy
prove this principle. Lack of information on protein expression
appeared to be the most limiting factor reducing the number of
candidate genes in the final FC testing. Improbability of the cell-
bound form also excluded molecules during the screening for
FC - these secreted molecules may be studied by protein
biochemistry. Although cytometric studies on molecules that
came from a systematic screening strategy in microarrays have
not been presented yet, one new molecule (CD58) has been
introduced into FC testing based on expression profiling.” The
presented data not only show that information from microarrays
can be transferred to cell-based investigation by FC, but also that
the composite microarray information can be successfully
replaced by strong predictors like CD44 and CD27. The
ongoing project Microarray-guided FC tests whether other
molecules can be found with comparable or better predictive
values for ALL genotype and prognosis.
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Introduction

Abstract

The expression of CD27 and CD44 correlate with the genotype of B-precursor acute
lymphoblastic leukemia (ALL). Based on the expression of these antigens, we
identified counterparts of TEL/AMLI?®® and TEL/AMLI™® leukemic cells in
nonmalignant bone marrow. Although CD27 is known as a marker of mature
memory B cells, we recently showed that CD27 is also expressed by malignant and
nonmalignant B precursors. Here, we show that CD27 and CD44 delineate stages
of B-precursor development. Well-established differentiation markers showed that
the developmental sequence starts from undetermined progenitors, expressing
CD44. Upon B-lineage commitment, cells gain CD27 and lose CD44. The
CD277°°CD44"°¢ (CD27 single positive, 27SP) cells are the earliest stage within
CDI10P*CD19"** B precursors and express RAG-1 and TDT. These cells
correspond to TEL/AMLIP®® ALL (1/4 pediatric B-precursor ALL). The
development follows to CD27/CD44 double-positive (27/44DP) stage, 44SP stage
and CD27/CD44 double-negative (27/44DN) stage. Before exit to periphery, CD44
isreexpressed. The 27/44DP cells are mostly large and profoundly suppress RAG-1.
Despite their presumably high proliferation potential, 27/44DP cells rarely
dominate in leukemia. At 44SP stage, which corresponds to TEL/AMLI"*
leukemias, RAG-1 is reexpressed and Ig light chain gene starts to be rearranged.

early after B-lineage decision, CD10 is expressed and con-
tinues to be present on the cell surface until /GH and IGL are

By making the lineage decision, human progenitor cells start
the B-lineage development in the bone marrow (BM)
[reviewed in (1, 2)]. This early stage is accompanied by the
upregulation of B-cell-specific transcriptional regulators
Pax-5 and very likely also early B-cell factor. Since the
earliest stage, the B-lineage-committed cells start to re-
arrange the genes for Ig heavy chain (/GH). Upon successful
IGH rearrangement, the recombination machinery is sup-
pressed and cells quickly proliferate. In the following stage,
Ig light-chain (IGL) genes are rearranged. Cells that
complete both /GH and IGL are ready to be functionally
competent and develop into naive mature B cells. Such cells
leave the BM environment.

On cell surface level, the first B-committed cells express
CD34, which disappears in the course of maturation. Very
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rearranged. An important surface marker of B lineage,
CD19, is expressed since the very early stage when IGH
rearranges. Experimental evidence shows that CD10 pre-
cedes the expression of CD19, perhaps in majority of cells.
The CD10P°°CD34P**CD19"¢ cells are mostly committed
to B lineage, although they can develop also to other line-
ages (3). However, the most immature B-precursor leukemia
stage called pro-B is defined as CD19P*°CD34P**CD10"¢
(4, 5). Leukemia nomenclature, reflecting the current
understanding of malignant transformation during lym-
phopoiesis, therefore assumes CD19 expression before
CDI10. At CDI10P*°CD19"*® stages of development, im-
portant events occur including IGH rearrangement
completion, cell expansion and IGL rearrangement. This
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CD10P*°CD19”°® immunophenotype is found in the major-
ity of B-cell-precursor acute lymphoblastic leukemias (BCP
ALLs). Our previous study showed that major genotypic
BCP ALL subsets strictly correlate with the surface CD27
and CD44 expression (6) (updated results are in http://clip.
1f2.cuni.cz/files/archiv/CD44_and_CD27_updated_results.
pdf), thus confirming RNA genomics data on protein level
(7). Interestingly, TEL/AMLI"* BCP ALL corresponds to
CD27P° phenotype, in the absence of CD44. Although
CD27 was considered to be a general marker for memory B
cells in humans, we showed its expression also on
CDI10P**CD19P°* B-cell precursors (6). Its expression in
BCP ALL and in nonmalignant B precursors was then
confirmed in another study (8). CD27 (TNFRSF7, T-cell
activation antigen) is a 110-kDa transmembrane glycopro-
tein composed of disulfide-linked 55-kDa monomers, and it
is a member of the tumor necrosis factor receptor family. In
humans, it is expressed on the large subset of peripheral
T cells, on most medullary thymocytes (9) and on natural
killer cells (10). In more mature stages of B-lineage
development, it is expressed on somatically mutated B
cells (11).

CD44 (Hermes, Pgp-1) is a cell surface glycoprotein
coded by 10 standard exons found in all CD44 isoforms; the
other 10 are variably spliced (12). CD44 was originally
identified on hematopoietic cells (13), but it was also found
on a wide range of other tissues (14—16). The CD44 mediates
cellular adhesion. It is a receptor for hyaluronate (17), but it
binds other compounds of extracellular matrix also. It is
involved in the process of lymphocyte activation (18), and
its interaction with stromal cells is important during
lymphopoiesis and myeolopoiesis (19, 20). The CD44v6
splice variant is often associated with metastatic potential of
nonhematopoietic neoplasias, for example, in gastric
adenocarcinoma (21). Its expression also correlates with
shorter survival of patients with acute myeloblastic leuke-
mia (22) and is more frequently expressed in medium- or
high-risk group in pediatric ALL (23). We searched for
cells with CD27 and CD44 expression corresponding to
leukemia subtypes in nonmalignant BM. Among
CDI10P°°CD19P* cells, we found CD27P°°CD44"¢ B
precursors (CD27 single positive, 27SP) corresponding to
TEL/AMLIP®® leukemia and CD27"°¢CD44P°® (44SP) cells
that correspond to most other ALL subtypes and double-
positive (27/44DP) and double-negative (27/44DN) cells,
which are rarely seen in BCP ALL. We tested the hypothesis
that the expression of CD44 and CD27 nonrandomly
correlates with the differentiation stage of B precursors.
Therefore, we investigated differentiation markers with
known dynamics during B-cell development [CD10, CD34,
intracellular IgM, intracellular VpreB (CD179a), terminal
deoxyribonucleotidyl transferase (TdT), RAG-1 and Ig
gene rearrangements] in immunophenotypic subpopula-
tions defined by CD44 and CD27.
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Materials and methods

Patients

BM specimens of children without any evidence of
malignant or residual malignant disease (patients 1 and
more years after BM transplant, after the end of the ALL
therapy and patients investigated to exclude hematological
malignancy) were used. Specimens were collected according
to the Czech law and institutional regulations and with
informed consent. Only leftover material from specimens
after completed diagnostic investigations was used.

Flow cytometry

Cell suspension of the unseparated BM or peripheral blood
(PB) was stained with four- to eight-color combinations of
monoclonal antibodies (mAbs). The following fluoro-
chrome-labeled mAbs were used: anti-CD44 fluorescein
isothiocyanate (FITC) (reacting with the standard isoform
of CD44) and anti-CD27 phycoerythrin (PE) (BD, San
Jose, CA), anti-CD10 ECD, anti-CD179a PC5, anti-CD19
PC7 and anti-CD34 allophycocyanin (APC) (Immuno-
tech, Marseille, France), anti-TdT FITC (Dako, Glostrup,
Denmark), anti-CD20 Alexa405 (Serotec, Kidlington,
Oxford, UK) and anti-IgM Dyomics647 (Exbio, Prague,
Czech Republic). In addition, DAPI (4,6-diamidino-2-
phenylindole) (Molecular Probes, Leiden, The Nether-
lands) and FIX&PERM cell permeabilization kit (An der
Grub, Vienna, Austria) were used. Nonmalignant BM
samples were analyzed using FACS Aria (BD) and BD
LSRII (BD) flow cytometers and sorted using FACS Aria
flow cytometer (BD). For polychromatic flow cytometry
experiments, photomultiplier (PMT) voltage was set above
electronic noise threshold and automated compensation
matrix calculation was performed using single-color-
stained tubes (Diva 4.1.2 or sumMIT 4.3). Gating strategy
of compensated data was determined using Fluorescence
Minus One controls (24). Analysis was performed using
FLowJo 8.1.1 software (Treestar, Ashland, OR) using the
same strategy of positivity determination. For each
sample, 4 x 10° to 4 x 10° events were recorded. Gating
strategy was used for the analysis and sorting of the cells
with a given immunophenotype as follows: CD10°° cells
were selected from the gate of CD19P°DAPI™ cells (live
B-lineage cells). Four subpopulations based on CD44 and
CD27 positivity and negativity were identified according
to Fluorescence Minus One controls among these cells
(Figure 1). The cells falling above or below a threshold of
fluorescence intensity set by these controls are called
positive or negative subpopulations throughout the paper.
The experiments with sorted subpopulations were per-
formed in duplicates or triplicates. The purity of sorted
subpopulations was always more than 95%. Therefore, the

© 2007 The Authors
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Figure 1 CD27 and CD44 expression in non- SsC CD10
malignant BM and PB. Gating strategy used in

seven-color staining of one BM specimen for B CD10+ CD20+in PB
analysis of the differentiation markers in particular A

subpopulations and for their sorting. (A) CD10P°®
cells were selected from the gate of CD19P°°
DAPI™®9 cells (live B-lineage cells). (B) CD27 and
CD44 expression in CD10P°°CD19°°° cells in BM,

Ccb27

in CD19P°°CD20P°°CD10™®? cells in BM and in
CD20P°® cells in PB of different patients. BM,

bone marrow; DAPI, 4,6-diamidino-2-phenylindole;
FSC, forward scatter; PB, peripheral blood; SSC,

side scatter.

results of the mRNA and DNA analyses indeed describe
the sorted subpopulations.

Real-time quantitative reverse transcription-
polymerase chain reaction

Complete RNA from sorted cells was isolated by RNeasy
Micro Kit (Qiagen GmBH, Hilden, Germany) according to
manufacturer’s instructions. RNA was converted into
complementary DNA (cDNA) using MoMLV Reverse
Transcriptase (Gibco BRL, Carlsbad, TX). Real-time
quantitative reverse transcription—polymerase chain reac-
tion (PCR) analyses were performed using LightCycler™
rapid thermal cycler system (Roche Diagnostics GmbH,
Mannheim, Germany). Fluorescent DNA-binding dye
SYBR Green (FMC BioProducts, Rockland, MA) was
used for quantification of RAG-1 and TDT gene expression.
Control gene beta-2-microglobulin (b2m) was measured
using hybridization probes as described previously (25).
The primer sequences were as follows — for TDT: for-
ward 5'-gTCgTgCCTTTgCCCTgTT-3’, reverse 5'-TC-
CgCTCATgTgTggCATAg-3" and for RAG-I: forward
5'-TgAgTAATATCAACCAAATTgCAgACA-3’, reverse
5"-geATCTCACCCggAACAgC-3’. The composition of
PCR mix was as follows: 1 U of Platinum Taqg DNA
polymerase in the PCR buffer provided by the manufacturer
(Gibco BRL — Life Technologies Inc., Gaithersburg, MD),
MgCl, 3 mM (for RAG-1) or 2 mM (for TDT), deoxynu-
cleotide triphosphate 0.2 mM each, bovine serum albumin
0.25 pg/ul, primers 0.5 uM each; fluorescent signal was
generated using 0.2 pl SYBR Green (2 x 10~* of the stock
concentration, diluted by dimethyl sulfoxide; for RAG-1

© 2007 The Authors
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and TDT). One microliter of cDNA was added in a final
volume of 20 pl. The LIGHTCYCLER program for RAG-1 and
TDT consisted of the initial denaturing at 94°C for 90 s,
followed by 40 PCR cycles: 95°C for 5s, 62°C for 40 s
(single fluorescence measurement), 72°C for 12's. The
melting curve analysis was performed to confirm specific
amplification and to identify nonspecific templates after
each run. RAG-1 and TdT mRNA expression was shown as
a ratio to b2m expression; this value was normalized to 1 in
the most immature subset investigated.

Real-time quantitative PCR analysis of
immunoglobulin gene rearrangements

DNA from sorted cells was isolated by QIAamp DNA
Blood Micro Kit (Qiagen GmbH). Multiplex real-time
quantitative PCR (RQ-PCR) for /G H detecting virtually all
complete /GH rearrangements and RQ-PCR for intron
recombination signal sequence to kappa deleting element
(RSS-Kde) was performed using family-specific V segment
forward primers and J segment-specific reverse primers and
probes as described previously (26, 27) in the iCycler IQ™
thermal cycler system (Bio-Rad, Hercules, CA). The
starting concentration of template was measured against
the dilution series of positive-control DNA in germ-line
(unrearranged) Hela DNA. REH cell line served as
a positive control for intron RSS-Kde recombination.
Samples of patients with ALL containing 87% and 97%
of clonal cells with monoallelic rearrangements were used
for standard curve preparation in VHI-3—JHI-6 and V H4-
7-JH 1-6 assays, respectively. The cycling conditions were as
follows: initial denaturing at 95°C for 10 min, 50 cycles of
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denaturing at 94°C for 15 s, annealing extension at 64°C
(IGH) or 62°C (intron RSS-Kde) for 1 min; DNA at
a concentration of 0.01-0.2 pg/ul was used for each PCR
reaction. All the assays reached sensitivity of at least 1% of
rearranged alleles in the germ-line background. Each
sample was run in duplicate, and a mean value was used
for further analysis. Albumin gene was used to normalize
the DNA concentration and quality (28). ICycLER 1Q
Optical System software version 3.0a was used for
quantification, and a final value was shown as a percentage
of rearranged alleles relative to the respective clonal control
DNA, which was set as 100%.

Results

CD27 and CD44 expression define phenotypic stages in
B precursor development

As CD44 negativity in combination with CD27 positivity is
found exclusively in one subtype of leukemia (TEL/
AMLIP®®) (6), we searched for such cells among B
precursors in nonmalignant BM. Within CD10P°*CD19P°*
cells, such 27SP cells were present in all 14 specimens. In
addition, 44SP cells as well as 27/44DP and 27/44DN cells
were found (Figure 2). Next, markers of B-precursor
differentiation were investigated by polychromatic flow
cytometry. The expression of CD44, CD27 and a B
precursor defining the combination of CDI19 and CDI10
was studied together with the differentiation markers CD34,
TdT, cytoplasmic IgM and cytoplasmic VpreB (CD179a).
The percentage of CD34P°* cells is the highest in 27SP and
decreases gradually in 27/44DP, 44SP and 27/44DN
subpopulations (Figure 3A,B). A similar trend is found in
the percentage of CD10P#" cells, which become virtually
missing in CD27"°® B-precursor stages (Figure 3C,D). This
sequence of developmental stages was further supported by
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Figure 2 Frequencies of subpopulations defined by CD27 and CD44
expression within CD10P°°CD19P°® B precursors. Fourteen specimens
were used for this analysis. DN, double negative; DP, double positive; SP,
single positive.
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a gradual loss of intracellular TdT and VpreB (Figure 4A,B)
and by the increase of intracellular [gMP°® cells (Figure 4C).
The observed sequence of developmental stages of B
precursors is thus: 27SP, 27/44DP, 44SP and 27/44DN.
We fit these subpopulations into two well-established
models of B-cell development (Table 1) (2, 29).

27/44DP cells downregulate the key recombination
enzymes

We sorted subpopulations based on the CD44 and CD27
expression to compare their recombination potential by
measuring TdT and RAG-1 mRNA expression by RQ-
PCR. Similar to the protein level, TdT mRNA expression
decreases in concordance with the suggested developmental
stages (Figure 5A). Interestingly, the 27/44DP cells express
the lowest amount of RAG-1 transcripts (Figure 5B),
suggesting that these cells are in the stage of suppressed
RAG-1 expression after completed /GH rearrangement.
RAG-1 is reexpressed during /G L rearrangement, as proven
by the reappearance in the 44SP cells. Because the cells
with a downregulated RAG-1 are known to be frequent
among the large proliferating cells, we analyzed the
percentage of large cells (estimated by cytometry as the
proportion of cells with a higher forward scatter). The 27/
44DP subpopulation appears to be composed mostly by the
large cells, based on the highest percentage of cells with high
forward scatter (Figure 6A,B).

Immunoglobulin gene rearrangement

After a successful rearrangement of /IGH genes in early B
precursors, cells proliferate and /GL genes start to rearrange.
In all four subpopulations, heavy-chain genes (both segments
VHI-3—JH and VH4-7-JH) were rearranged (data not
shown), proving that heavy chains start to rearrange at or
before the earliest stage of differentiation among the analyzed
subpopulations. The low quantitative range of the system for
VHI-3—-JH and VH4-7-JH detection did not enable the exact
quantification, mainly because of a limited DNA concentra-
tion obtained from sorted cells. Next, we investigated the /GL
rearrangement. The system detected the intron RSS-Kde
rearrangements, which appear in the late phase of IGL
rearrangement. As shown in Figure 7, IGL genes begin to be
rearranged at the 44SP stage, whereas intron RSS-Kde
rearrangements are virtually missing at earlier stages.

Both CD27 and CD44 reappear at CD20P°°CD10"°°
stages

pos

As reported earlier, mature PB B lymphocytes are CD44
(15). Our data show that majority of CD20P**CD10"® cells
express CD44 already in BM, while PB B lymphocytes are
almost exclusively CD44P°* (Figure 1B), contrasting with
BM CDI10P* cells, which contain a greater fraction of
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CD44"™# cells. Thus, immature, naive B cells reexpress
CD44 in BM, before they exit to periphery.

Lack of CD27 expression in stem cells

Within CD34P° cells, Nilsson et al. reported higher pro-
portion of CD27P% cells in CD19"°¢ subpopulation com-
pared with CD197°® subpopulation, which was interpreted
that B-lineage-committed CD34P% cells express less
CD27 (8). Although we used fluorochrome (PE) with
higher fluorescence intensity and a higher resolution than
FITC used in Nilsson’s study, we found only 1.9 + 1.7%
of CD27P° cells (n = 14) among CD19"¢CD34P°* cells.

Figure 4 The intensities of intracellular TdT (A),
intracellular CD179a (B) and intracellular IgM (C) ..J
within CD27- and CD44-defined subsets. Repre- {
sentative samples of five measurements are [
shown. The vertical lines distinguish positive and |

negative cells. DN, double negative; DP, double MRl o
positive; SP, single positive; TdT, terminal deoxy-

ribonucleotidyl transferase. intracellular TdT
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As we used a reliable cytometric system acquiring
millions of events and selecting exclusively viable cells
for the analysis, we could further divide these
CD19"8CD34P°* cells. We used CDI10 for finer division
of the CD19"#CD34P°* cells because it is known that the
CD19"8CD10P*°CD34P°® cells are biased towards B
lineage, although they can develop also into other
lineages (30, 31). The CD10"® and CDI10P°® fractions
of CD19"8CD34"* cells contained 0.23 + 0.21% and
38.8 +26.3% CD27°°° cells (n = 14), respectively. In
comparison, CD197°°CD34P°® cells contain 67 + 14.1%
CD277% cells (n = 14). In CD34”°°CD19"°¢ subpopula-
tion, the acquisition of CD10 is accompanied by CD44

B C
I' f‘l
M ‘
" ‘\:“. 275P /[ ‘,_ 275P
cp2yees | A J'IL w/ﬁ\ \_,-;W
[ 1
‘ 27/44DP N 27/44DP
_'_IJ‘\\\ \L _j 1\ \\‘_
h 443p AN 443P
._,/l '|‘ \-& _//JH'\L\_
CD27ne RN |
27/44DN 27/44DN
0102 103 104 10° 0102103 104 105
intracellular CD179a intracellular IgM
61



CD44 and CD27 delineate B-precursor development

Table 1 The models of B-cell development®

M. Vaskova et al.

LeBien (2) Loken et al. (29) CD27 and CD44
Pro-B (1) CD19, CD10, CD34, CD24, IL-7R, RAG, VpreB, Ig-a, VDJy CD10"e", CD34, TdT 27SP
Pre-Bl (I1) CD19, CD10, CD24, pre-B receptor, low RAG, IgM HC CD10 27/44DP
Pre-BlI (I1) CD19, CD10, CD24, pre-B receptor, RAG, IgM HC, VJg 44SP, 27/44DN
Immature B (Ill) CD19, CD10, CD20, CD21, CD22, CD24, CD40, IgM CD10+, IgM 27/44DN
(V) IgM

DN, double negative; DP, double positive; HC, heavy chain; SP, single positive; TdT, terminal deoxyribonucleotidyl transferase.
@ We show CD27- and CD44-defined differentiation stages in the context of two published models. The stages in the model by Loken et al. (29) and
LeBien (2) are assigned by numerals and their names, respectively, in the first column.

downregulation (Figure 8), which is in line with our
results that CD44 negativity together with CD27
positivity is found in the earliest CD19"°° cells.

Discussion

We previously reported that CD27 and CD44 define ALL
subtypes (6). The data presented here show that the
expression of these molecules correlates nonrandomly with
several independent markers of B-precursor differentiation.
Among CDI0P*CDI19P°® cells, both maturity of IG
rearrangements and the expression of differentiation
markers prove the following developmental sequence:
27SP, 27/44DP, 44SP and 27/44DN. The data showing
heavy chain gene rearrangements in 27SP, 27/44DP, 44SP as
well as 27/44DN cells indicate that /G H rearrange at stages
up to 27SP. Upon transition to the 27/44DP stage, in which
the large cells dominate, RAG-1 expression is suppressed.
Afterwards, CD27 disappears and cells enter the next stage,
44SP. This stage is characterized by restarting the recom-
bination machinery (shown by RAG-1 reexpression). Only
at this stage, cells start to contain completed /GL rearrange-
ments (shown by KDFE detection). Cells apparently attain
smaller size at 44SP stage. This process is finished by loss of
CD44. The resulting 27/44DN phenotype dominates among
the CD10P°® B precursors in human BM. The 27/44DN cells
complete the differentiation process before the cells lose
CD10, regain CD44 and are allowed to exit to periphery.
Interestingly, whereas RAG-1 is profoundly suppressed
at 27/44DP stage, TdT expression decreases gradually

TdT

w

throughout the differentiation. The suppression of RAG-1
may be important during the cell proliferation as RAG-1
(unlike TdT) may cause unwanted DNA recombination
during replication. This may explain the differences between
TdT and RAG-1 expression at the 27/44DP stage, contain-
ing large proliferating cells.

The knowledge on B-precursor development can be
combined with the leukemia diagnostics to discover the
counterparts of the dominant leukemia population. The
27SP cells are physiological counterparts of TEL/AMLIP®®
ALL, and the 44SP cells are the principal counterparts of all
other B-precursor ALL subtypes. The 44/27DP and 44/
27DN immunophenotype is rarely seen among B-precursor
leukemias. This contradicts a logical expectation that the
proliferating compartment (large pre-B, mostly found in 44/
27DP stage) might be more likely to transform into
malignancy.

Because the nonmalignant counterparts of TEL/AMLI
ALL are less mature than the counterparts of TEL/AMLI"®
ALL, it is possible to speculate that the differentiation of
TEL/AMLIP® leukemic cells is blocked in earlier stage
than in other leukemias.

After exit to periphery, a subset of B cells reexpresses
CD27 during the process of somatic hypermutation and it is
then constitutively present as a marker of memory cells (32).
In line with this, we observed a CD277° subpopulation
among CD20P°*CD10"°€ cells not only in PB but also in BM.
The BM CD27P°°CD20P*°CD10"°® B cells are probably
recirculating memory cells. Migration of memory cells to
BM was proven by the analysis of BM cells with preferential

pos
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Figure 5 Recombination enzyme terminal deoxy-
ribonucleotidyl transferase (A) and RAG-1 (B)
mRNA expression. Expression levels are shown
as ratio to control gene expression; this value was
normalized to 1 in the most immature subset
investigated. Experiments were performed in
duplicates. DN, double negative; DP, double
positive; SP, single positive; TdT, terminal deox-
yribonucleotidyl transferase.
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mutations in the complementarity determining regions
(CDR) (33) of the V(D)J regions, which is the pattern that
evolves during the antigen selection in germinal centers.
Interaction of CD27 with its ligand CD70 expressed on
activated T and B cells regulates B-cell growth and
differentiation to IgG- and IgM-producing cells (34, 35).
At the early developmental stages, CD27 expression was
reported on murine hematopoietic stem cells (36), and
Nilsson et al. reported a high CD27 expression in human
CD34P% cells even before CDI19, similar to mice (8).
Although we did observe such cells, they were almost
always CD10P°® and their percentage increases only after B-
lincage commitment. Because the CD27 and CD44 are
known to play a role in apoptotic or adhesion processes, it
can be speculated that their expression merely reflects the
functional status of the precursor B cell, regardless of its
developmental stage. However, our data clearly show that
CD27 and CD44 are expressed in an organized fashion
during the precursor development. Consequently, this

intron RSS-Kde
140

120 A

100

80 1

60 1

% rearrangement

401

20 A

_ I
27SP 27/44DP 44SP

27/44DN

Figure 7 Immunoglobulin light-chain gene rearrangement.The percent-
age of intron RSS-Kde rearrangements is shown. The experiment was
performed in triplicate. DN, double negative; DP, double positive; SP,
single positive.
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forms a basis for a further research into functional
similarities between normal precursor and the leukemia cell.

Although the straightforward explanation of the pre-
sented data is that the observed subpopulations reflect
consequent developmental stages, alternative scenarios may
be provided. We may hypothesize that the following
phenomena may not represent regular features in B-
precursor differentiation at CDI10P*°CDI19P® stage: (i)
CD27 expression, (ii) the decrease in CD44 expression or
(iii) the reappearance of CD44 seen in 27/44DP and 44SP
cells. The scenario (i) is definitely possible in transgenic
animals because B cells do develop in CD27 /™ mice (37).
However, our data do not support this scenario as a major
pathway in healthy humans. The CDI10°*°CD19"*® B
precursors would start from the 27/44DN phenotype, which
contains only few CD34P° and TdTP® cells — to the
contrary, most cells have a more mature phenotype with
rearranged /GL. Such immature cells would differentiate
into the 44SP phenotype, which contains at least some large
pre-B cells. The explanation of the fact that we do see
majority of immature (CD34P°, TdTP®, IGL-unrearranged,
i-IgM"™ ¢, i-VpreBP* and CD10°"") cells among CD27P%
cells would require a complicated assumption that some
immature cells may express CD27 for a prolonged time, thus
increasing the apparent frequency. According to the
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Figure 8 CD44 expression in CD10P°*CD34P°°CD19"°¢ and in

CD19P°*CD34"%cells.
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scenario (ii), the most immature cells would enter the
27/44DP stage. Therefore, the cells would need to have
completed IGH prior to the CDI0P*°CDI19P*° stage.
Analogically to the scenario (i), we would need to accept
that some cells might still lose CD44 and acquire the 27SP
phenotype. Our observation of high RAG-1 expression at
the 27SP cells makes this scenario very unlikely as we would
assume that the cells with completely rearranged IGH
reexpress RAG-1 upon losing CD44 before returning back
to the RAG-1"¢ 27/44DP phenotype. The scenario (iii) also
appears unlikely as differentiating from 27SP directly to 27/
44DN phenotype would circumvent the large pre-B stage
with suppressed RAG-1. If this scenario occurred in
a significant fraction of cells, it would contradict the current
understanding of B-precursor differentiation. A possible
role of CD27 is the regulation of apoptosis because
association with apoptotic cascades was reported. Data
from different models illustrate that the net effect of CD27
may be either negative or positive. Nolte et al. showed that
murine CD27 /" progenitors proliferated more rapidly,
suggesting a regulatory role of CD27 in the growth of these
cells. They propose that such a regulatory role may be
triggered by the interaction of CD27 on B precursors with
CD70 on activated T cells. This could be beneficial during
infection as the presence of foreign antigen in the BM could
induce an unwanted selective tolerance (37). CD27 trigger-
ing on primary plasma cell leukemia has antiapoptotic effect
(38). Overexpression of CD27-binding protein Siva induces
apoptosis in cell lines (39). It was also shown that CD27
associates with tumor necrosis factor-receptor-associated
factor (TRAF)2 and TRAFS signal transducers respon-
sible for NF-kB activation (40). Apoptosis plays an
important role during B-cell development when cells
unsuccessfully rearranging Ig genes die by apoptosis. The
question is whether CD27 on B precursors could mediate
proapoptotic or antiapoptotic signal because the published
data concerning CD27 role in apoptosis are diverse in
different cell types. Although our data do not answer this
question, it is obvious that among B precursors, CD27
identifies mainly the earliest stages at or before the start of
IG rearrangement. The specificity of the early-stage
detection is strengthened when CD27 positivity is combined
with CD44 negativity.

Our data show that during B-cell development, CD44
undergoes two waves of downregulation. If the uncommit-
ted CD34P° cells are mostly CD44P°%, then CD44 expres-
sion decreases together with the two-step acquisition of
CD10 (Figure 7). The CD44"°¢ cells have been described
previously among CD34P°® BM cells and have been, in line
with our results, shown as CD10P**CD19P°* B precursors
(41). These CD44" cells are 27SP. The following reemer-
gence of CD44, resulting in 27/44DP stage corresponds with
one of its supposed functions, which is regulation of cell
proliferation. While suppressing RAG-1 expression, cells
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proliferate at the 27/44DP. The expression of CD44 again
ceases only two stages down, at the 27/44DN stage, in which
IG L are fully rearranged and the cells do not proliferate and
are not dependent on CD44-mediated contact with stromal
cells. The role of CD44 during hematopoiesis was experimen-
tally shown by the addition of anti-CD44 mAbs that inhibit or
enhance stromal cell-dependent hematopoiesis (42).

There are more models of B-lymphocyte development,
and the nomenclature of B-cell developmental stages is still
unsettled. Any nomenclature should be based on fitting
surface markers with /G gene rearrangement status. CD27
and CD44 extend the B-cell development model because
their expression also reflects not only the /G rearrangements
status but also a different likelihood to transform into
leukemia and/or to block the differentiation in different
genetic subsets of ALL.
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Abstract

Background: Aberrant expression of myeloid antigens (MyAgs) on acute lymphoblastic leukemia (ALL) cells is
a well-documented phenomenon, although its regulating mechanisms are unclear. MyAgs in ALL are interpreted
e.g. as hallmarks of early differentiation stage and/or lineage indecisiveness. Granulocytic marker CD66c —
Carcinoembryonic antigen-related cell adhesion molecule 6 (CEACAMS) is aberrantly expressed on ALL with
strong correlation to genotype (negative in TEL/AMLI and MLL/AF4, positive in BCR/ABL and hyperdiploid
cases).

Methods: In a cohort of 365 consecutively diagnosed Czech B-precursor ALL patients, we analyze distribution
of MyAg+ cases and mutual relationship among CD 13, CD15, CD33, CD65 and CDé6c. The most frequent MyAg
(CD66c) is studied further regarding its stability from diagnosis to relapse, prognostic significance and regulation
of surface expression. For the latter, flow cytometry, Western blot and quantitative RT-PCR on sorted cells is
used.

Results: We show CDé66c is expressed in 43% patients, which is more frequent than other MyAgs studied. In
addition, CD66c expression negatively correlates with CDI3 (p < 0.0001), CD33 (p = 0.002) and/or CD65 (p =
0.029). Our data show that different myeloid antigens often differ in biological importance, which may be
obscured by combining them into "MyAg positive ALL". We show that unlike other MyAgs, CD66c expression is
not shifted from the onset of ALL to relapse (n = 39, time to relapse 0.3-5.3 years). Although opposite has
previously been suggested, we show that CEACAM6 transcription is invariably followed by surface expression (by
quantitative RT-PCR on sorted cells) and that malignant cells containing CD66c in cytoplasm without surface
expression are not found by flow cytometry nor by Western blot in vivo. We report no prognostic significance
of CDé6c, globally or separately in genotype subsets of B-precursor ALL, nor an association with known risk
factors (n = 254).

Conclusion: In contrast to general notion we show that different MyAgs in lymphoblastic leukemia represent
different biological circumstances. We chose the most frequent and tightly genotype-associated MyAg CD66c to
show its stabile expression in patients from diagnosis to relapse, which differs from what is known on the other
MyAgs. Surface expression of CD66c is regulated at the gene transcription level, in contrast to previous reports.
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Background

Although expression of surface markers in acute lymphob-
lastic leukemia (ALL) parallels that of normal hematopoi-
etic precursors, several markers of myeloid lineage are
found on ALL lymphoblasts. This phenomenon is referred
to as "aberrant expression". The issue of the regulatory
mechanisms that allow it has been addressed repeatedly
throughout the recent 40 years [1,2]. Although several
hypotheses stressing either possible lineage indecisiveness
or genetic misprogramming have been raised, the phe-
nomenon is still not fully understood. We and others have
shown that the myeloid antigen CD66c is very frequently
aberrantly expressed in B-precursor ALL, however, a large
study showing its frequency in the light of other myeloid
antigens has been missing. CD66¢ expression was found
on cases of childhood and adult ALL in strong correlation
with nonrandom genetic changes (BCR/ABL positivity [3],
hyperdiploidy and TEL/AML1 negativity [4], reviewed in

[5])-

CD66¢ (CEACAMG, previously called Nonspecific cross-
reacting antigen, NCA 90/50 and KOR-SA3544 antigen) is
a member of the carcinoembryonic antigen family. This
heavily glycosylated molecule consists of two constant Ig-
like domains and one variable Ig-like domain and it is
anchored to the membrane via its glycosylphosphatidyli-
nositol (GPI). Within the hematopoietic system, CD66¢
expression is limited to granulocytes and its precursors
[3,6], where it serves homotypic and heterotypic adhesion
[7], Ca2+ mediated signaling [8] and is markedly upregu-
lated from intracellular stores after activation [9].

It is also found in epithelia of various organs [7]. Upregu-
lation of CD66c¢ is an early molecular event in transforma-
tion leading to colorectal tumors [10]. It was also
confirmed to inhibit anoikis (apoptotic response induced
in normal cells by inadequate or inappropriate adhesion
to substrate) in the in vitro model of carcinoma of colon
[11] and specific silencing of this gene led to decreased
metastatic potential in pancreatic adenocarcinoma [12].

Surprisingly, Sugita et al [13] reported intracellular pres-
ence of CD66c¢ in all leukemic cell lines examined, regard-
less of surface presence or absence, with a different
antigen distribution in cytoplasm that determined surface
expression. They speculated that presence of an undis-
closed transporter would target this molecule to granules
and for surface expression, whereas surface CD66cne8 cell
lines lack this transporter. This intriguing hypothesis
prompted us to test whether transcription of CEACAMG6
gene and/or intracellular CD66c expression is always fol-
lowed by surface expression.

Uniqueness of aberrant expression of CD66¢ on malig-
nant lymphoblast is exploited for diagnosis of ALL and

http://www.biomedcentral.com/1471-2407/5/38

follow-up of a minimal residual disease (MRD) using
flow cytometry [14,15]. To use a marker for a MRD assess-
ment a critical question must be addressed, whether the
aberrant expression is a stable property of the malignant
clone or whether it can be subject to immunophenotype
shift.

In the present study we set out to address the frequency of
CD66¢ molecule expression in childhood ALL, the regula-
tion of CD66¢ expression from gene transcription to cyto-
plasmic and surface expression, and we follow
immunophenotype stability from diagnosis to relapse.
We also discuss relevance of CDG66¢ for prognosis
prediction.

Methods

Patients

The cohort of all Czech children (<18 years) diagnosed
with B-precursor ALL investigated in our reference labora-
tory from 1.5.1997 to 23.7.2004 was used for current
study (n = 381). Informed consent was obtained from
patients and/or their guardians. The presence of TEL/
AML1, BCR/ABL and MLL/AF4 fusion genes was detected
by two-round nested PCR, hyperdiploidy was assessed
using DNA index flow cytometric measurement as
described previously [4]. Patients' genotype and corre-
sponding surface CD66¢ expression is shown in Figure 1
(genotype available in 98% of patients). For intracellular
staining and FACS sorting, only samples with enough
material were selected.

Cell lines

Surface CD66¢ negative cell lines with typical transloca-
tion found in childhood ALL: TEL/AML1pos (REH) was
kindly provided by R. Pieters (University Hospital Rotter-
dam), MLL/AF4pos (RS4;11) translocation and with no
fusion (NALM-6) were obtained from German Cell Line
collection (DSMZ, Braunschweig, Germany)

Flow Cytometry

Flow cytometry immunophenotyping of bone marrow
(BM) aspirates was performed in at diagnosis and at
relapse. Routine immunophenotypic classification using
panel of monoclonal antibodies (moAbs) was performed
as described previously [4]. Briefly, BM samples were
stained with 2-, 3- and 4-color combinations of moAbs for
15 min in darkness, erythrocytes were lysed with NH,Cl-
containing lysing solution for 15 min, washed and data
were acquired using single FACS Calibur instrument
throughout the study (BD Biosciences, San Jose, CA, USA)
flow cytometer. Anti-CD66¢c (CEACAMG6) moAb used in
all diagnostic and relapse measurements in this study was
clone KOR-SA3544 directly labeled to FITC (Immu-
notech, Marseille, France). Intracellular staining was per-
formed using Fix & Perm kit (Caltag, Burlingame, CA,
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Correlation of ALL genotype categories and percent-
age of CD66c positivity. Median percentage of CD66cPos

blasts is listed below each genotype group. Data of consecu-
tive unselected patients with BCP ALL (n = 373) are shown.

USA) according to manufacturer's protocol. Acquired data
was analyzed with Cell Quest (BD Biosciences) or Flow Jo
(Tree Star, Ashland, OR, USA) software, lymphoblast gate
was drawn based on optical scatter and CD19pos blast
population was selected for further analysis.

Value of 20% was chosen as a threshold of positivity as
recommended by EGIL [16]. For robust prognostic signif-
icance testing, other threshold values were also tested as
indicated in results.

Cross-blocking of CD66c moAbs

Bone marrow samples of CD66¢ positive blasts were
stained with anti-CD66¢ moAb clone 9A6 (Genovac,
Freiburg, Germany) moAb for 15 min, erythrocytes were
lysed with NH,Cl-containing lysing solution for 15 min,
washed and sample was incubated with anti-CD66¢
moAb KOR-SA3544 PE moAb conjugate.

Western blot

Samples containing 5 x 10° cells were lysed for 30 min at
4°Cin 100 pl lysis buffer containing 20 mM Tris-HCI (pH
8.2), 100 mM NaCl, 50 mM NaF, 10 mM EDTA, 10 mM
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pyrophosphate (Na,P,0-) and Complete Mini EDTA-Free
(protease inhibitor cocktail tablets, Roche Diagnostics,
Mannheim, Germany). Debris was sedimented by centrif-
ugation for 3 min at 13000 rpm, 0°C. Supernatants were
mixed with 100 pl 2x Laemmli's SDS-polyacrylamide gel
electrophoresis (PAGE) sample loading buffer, and
heated for 5 min at 100°C. Proteins were fractionated by
SDS-PAGE on 12.5% gels and electrophoretically trans-
ferred to PVDF membranes (Bio-Rad, Hercules, CA, USA).
Membranes were blocked for 1 h in PBS (pH 7.4) contain-
ing 0.5% Tween-20 and 5% nonfat dried milk. Blots were
then incubated for 1 h at room temperature with anti-
KOR-SA3544 (Immunotech, Marseille, France) or anti-
beta-actin (Sigma-Aldrich, Saint Louis, MO, USA) moAbs
and then developed using goat anti-mouse 1gG (H+L)-
HRP conjugate (Bio-Rad). Immunoreactive material was
then revealed by enhanced chemiluminescence (ECL,
Amersham, Little Chalfont Buckinghamshire, UK) accord-
ing to the manufacturer's instructions.

Isolation of RNA and Real-Time Quantitative PCR analysis
(RQ-PCR)

For RQ- PCR analysis, leukemic blasts were FACS sorted
using sorting option on FACS Calibur or on FACS Aria
instrument (1.1 x 104- 4.7 x 105 cells from one patient).
Isolation of RNA from FACS-sorted cells was performed
using Trizol-reagent (Gibco BRL, Carlsbad, CA, USA)
according to manufacturer's instructions [17]. Comple-
mentary DNA was prepared using M-MLV Reverse Tran-
scriptase (Gibco) according to manufacturer instructions.
Glycogen (Gibco) 250 pg /mL was added when initial cell
number was lower than 105. Quality of cDNA was verified
by PCR on beta-2-microglobulin (B2M) housekeeping
gene.

RQ-PCR was performed in the LightCycler™ rapid thermal
cycler system (Roche Diagnostic GmbH, Mannheim, Ger-
many), according to manufacturer's instructions, using
SYBR green intercalating dye. CEACAMG specific primers
3'-CGCCITTGTACCAGCTGTAA and 5'-GCATGTCCCCT-
GGAAGGA designed by Baranov [18] were used for
CEACAMG amplification and B2M specific primers 3'-
GATGCTGCITACATGTCTCG 5'-CCAGCAGAGAAT-
GGAAAGTC [19]were used for total cDNA quantification.

PCR amplification was carried out in 1x reaction buffer
(20 mmol/L Tris-HCI, pH 8.4; 50 mmol/L KCl); and 2.0
mmol MgCl, containing 200 pmol/L of each ANTP, 0.2
pmol/L of each primer, 5 pg bovine serum albumin per
reaction, and 1 U of Platinum Taq DNA polymerase (all
from Gibco) in a final reaction volume of 20 pL. For each
PCR reaction, 2 UL of cDNA template and 2 pl of SYBR
Green 5 x 104 (FMC BioProducts, Rockland, MA, USA)
fluorescent dye was included. The cycling conditions were
2.0 minutes at 95°C followed by 45 cycles of
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Table I: Frequency of CD66c and myeloid antigen expression. Cases with >20% blasts are regarded positive, coexpression of CD66c

and other MyAg is tested by Fisher's exact test.

Molecule No of cases (total = 365) Proportion [%] Coexpression with CD66c

CDé6c 156 43

CD33 85 23

CDI5 72 20

CDI3 57 16

CDé65 14 38

CDé66c and CD33 21 5.8 mutually exclusive p = 0.002
CDé66c and CDI5 30 8.2 random NS
CDé66c and CDI3 9 2.5 mutually exclusive P <0.0001
CDé66c and CD65 2 0.55 mutually exclusive p = 0.029

denaturation at 94 °C for 5 seconds, annealing at 59°C for
30 seconds, and extension at 72°C for 15 seconds.
CEACAMG6 and B2M gene were amplified separately from
the same cDNA, and all experiments were performed in
duplicate. Melting curve analysis was performed after each
run; in case of peak melting temperature shift, PCR prod-
ucts were verified on agarose gel electrophoresis.

Normalized CEACAM6 Expression (CEACAM6n)
Amplification and calibration curves were generated by
using affiliated software (LightCycler 3 data-analysis soft-
ware; version 3.5.28; Idaho Technology Inc., Salt Lake
City, UT, USA). A calibration curve for the B2M and
CEACAMG6 housekeeping gene was generated using the
series of 10x diluted cDNA from peripheral blood granu-
locytes as a standard for both reactions. Crossing point
(Cp) value was calculated with LightCycler 3 software
using second derivative maximum method. CEACAM6n
value is relative and represents a ratio of CEACAMG6 to
B2M (CEACAM6n = CEACAM6/ B2M). Standard cDNA
from granulocytes was assigned CEACAMG6n value of 1,
the same aliquot of granulocytes cDNA was used through-
out of study.

Statistics

Statistical evaluation was done with Statview software,
(SAS Institute Inc, NC, USA). We used Fisher's exact test,
regression coefficient, Mann-Whitney test and Logrank
(Mantel-Cox) test as described in text.

Results

Frequency of CD66c and myeloid antigen (MyAg)
expression

We selected 365 patient's samples obtained at diagnosis
of B-precursor ALL with available information on the
expression of MyAg CD13, CD15, CD33, CD65 and
CD66c. This subcohort represents 96% of all B-precursor

ALL diagnosed in the study period. The CD66¢ molecule
was expressed on 43% cases (Table 1, cases with >20%
positive blasts were considered positive). For the fraction
of positive cells and correlation with genotype see [5], of
note, 29% of patients expressed CD66¢ on more then
50% blasts. Comparison with other MyAg showed that
CD66¢c is more frequently expressed. Coexpression of
CD66¢ with other MyAg was not a usual finding (Table 1,
Figure 2). Expression of CD13, CD33 and CD65 tended to
be non-random (mutually exclusive) with CD66¢ (Table
1). Coexpression of CD66¢ with any 2 of the other MyAg
was found in fewer than 4 cases in each combination.
Interestingly, mutual relationship of other MyAg was ran-
dom, with the exception of CD13 and CD33 coexpression
(p < 0.0001) and CD15 and CDG65 coexpression (p =
0.0002). The analysis was performed also at different cut-
off values (10, 30 and 50 %; data not shown). The same
or less significant correlations were also observed at differ-
ent cutoff values.

Cross-blocking of KOR-SA3544 clone with 9Aé6 clone

The moAb clone KOR-SA3544 was not included in
Human Leukocyte Differentiation Antigens workshop,
but was characterized by Sugita et al [13]. To prevent
ambiguous interpretation of our data we extended charac-
terization of KOR-SA3544 clone of CD66c moAb by
blocking experiments on CD66cPos blasts. Pretreatment of
cells with workshop-typed clone 9A6 moAb completely
blocked binding of KOR-SA3544 clone in all 9 leukemic
specimens and in granulocytes (data not shown).

Cytoplasmic presence of CDé6c in ALL blasts

We have studied surface and cytoplasmic expression of
CD66c¢ in 20 ALL diagnostic samples by flow cytometry.
In contrast to findings of Sugita et al [13], we have
detected CD66c¢ exclusively in all 8 surface positive cases.
None of the 12 surface negative cases stained in cytoplasm
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Figure 2

Graphical illustration of myeloid antigen positivity in
childhood B-precursor ALL. For each antigen, positive
cases are represented by a colored form. The areas of the
forms roughly correspond to the frequency of positive cases
(observed numbers of patients are marked in red) while the
shapes are constructed to illustrate the respective coexpres-
sions. An arbitrary cutoff value of 20% is used for all antigens.
The CD66c positivity correlates with negativity of any of the
following: CD33 (p = 0.002), CD13 (p < 0.0001) and CDé65
(p = 0.029). There was a significant correlation between
CD33 and CD |3 positivity (p < 0.0001) and between CDI5
and CDé5 positivity (p = 0.0002) whereas the positivity of no
other two antigens of the ones shown correlated significantly
with each other. Total number of B-precursor cases illus-
trated is 365.

(Figure 3). The probable cause of the opposite finding in
several cases (lower percentage after permeabilization
than on surface) is a higher background after permeabili-
zation (isotypic control mean fluorescence intensity was
4.3 + 2.0 and 9.7 + 3.7 for surface and permeabilized
staining, respectively), which covers borderline events.

Transcription of CEACAM6 gene

To extend the above findings, we used Real-Time Quanti-
tative Reverse Transcription-PCR (RQ-RT-PCR) to quanti-
tatively assess presence of specific CEACAM6 mRNA. We
FACS-sorted CD19PosCD66c¢"¢8 or CD19PosCD66¢Pos blast
cells for RQ-RT-PCR analysis. We didn't find significant
amount of CEACAMG6  transcript in  surface
CD66creglymphoblasts, whereas CD66cPos cells contained
CEACAMG6. When CD66c?e8 and positive fraction was

http://www.biomedcentral.com/1471-2407/5/38
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Figure 3

Relationship of surface and cytoplasmic expression of
CDé6c. Percentage of surface expression of CD66c in ALL
blasts is plotted against cytoplasmic expression (after cell
membrane permeabilization). Samples of 20 patients at ALL
diagnosis are shown, 12 CD66c negative and 8 CD66¢ posi-
tive. Regression coefficient R2 = 0.927

FACS-sorted of heterogeneous specimens (lymphoblasts
partly positive for CD66¢) the level of CEACAM6 was
observed higher in CD66c"¢8 cells and lower in CD66cPos
cells as compared to uniform populations (Figure 4). In
one specimen (ALL patient with Down syndrome),
CEACAMG wasn't increased in CD66cPos fraction.

Western blot

We further question the intracellular CD66¢ positivity in
surface CD66¢ negative cell lines. We performed Western
blot as described by Sugita et al. [13] on REH (TEL/
AML1Pos) and RS4;11 (MLL/AF4pos) cell lines and found
no CDG66c protein (Figure 5). Furthermore we found
NALM-6 (surface CD66c"e8, no translocation) cell line
negative. Two BCR/ABL and four hyperdiploid (all surface
CD66cPos) diagnostic samples used as positive controls
were positive, with the similarly narrow band contrasting
to broad band detected in granulocytes (Figure 5), sug-
gesting different glycosylation in keeping with report by
Sugita.

Stability of surface expression from diagnosis to relapse

All relapsed patients up till 12/2003 with available infor-
mation on CD66¢ expression at diagnosis and at relapse
were used to assess stability of CD66¢ expression. Com-
parison of CD66c expression in 39 cases of relapsed child-
hood ALL cases to their immunophenotype at diagnosis
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Figure 4

Transcription of CEACAMAGé versus surface CDé6c expression on sorted cells. FACSsorted CD66c surface negative
(CD66cn<g) or positive (CD66cPos) ALL lymphoblasts, five patients with heterogeneous CD66c expression were sorted into
both CD66c negative and CDé6c positive fraction (lines connect sorted fractions from the same specimen). Mann-Whitney
test was used to compare groups (n = 32). CEACAM6n value is normalized to beta-2-microglobulin (see Methods).
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Stability of CD66c from diagnosis to relapse. Each cir-
cle represents one patient (n = 39). Percentage of CD66cPos
blasts at diagnosis is plotted against percentage of CD66cPos
blasts at relapse. Regression line with 95% confidence R2=
0.755

revealed that both negativity and positivity of this antigen
was retained from diagnosis to relapse (Figure 6; median
time to relapse 2.5y min 0.3y, max 5.3y). Although the
quantitative levels of CD66c¢ expression differed in some
patients (median difference 0.0%, standard deviation
21%), no case of CD66¢ complete loss or gain was found
in our cohort.

Prognostic significance of CDé6c expression

Only B-precursor ALL patients treated on the same ALL
BFM 95 treatment protocol [20] (n = 254) were evaluated
for prognostic impact. The prognosis did not differ for
cases with either CD66cPos blasts exceeding either 20%
(Figure 7) or any other cutoff value tested (5%, 10% and
50%, data not shown).

Next, we asked whether CD66c¢ expression correlated with
the risk factors used in ALL BFM-95 protocol for stratifica-
tion into risk groups [21]. No difference in relapse free
survival (RFS) was noted when analyzed separately for
each risk group or higher and lower initial leukocytosis
(cutoff value: 2 x 104 cells per ml), age group or response
to prednisone (groups as in Table 2).

When analyzed with respect to a genotype, we found no
prognostic value of CD66¢ in any defined group (BCR/
ABLPos, TEL/AML1Pos, hyperdiploid ALL and none of the
above-mentioned genetic changes, Figure 7 and Table 2).
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Relapse free survival of cases with CD66c P°s (blue line) or CD66ceg(red line) B-precursor ALL. Unselected con-
secutive patients treated on ALL BFM95 protocol (median follow up 3.64 years). Since surface CDé66c associates with geno-
type, separate analyses for distinct genotype subgroups are shown.

In contrast to the study by Hanenberg et al [22], there was
no correlation between initial leukocytosis and CD66c¢ in
our cohort (Table 2).

Discussion

Our data on childhood B-precursor ALL show that CD66¢
is more frequently expressed than the myeloid antigens
included in the standard immunophenotyping panels for
ALL. To our knowledge, CD66c is the most frequent mye-
loid marker in childhood ALL. This, together with the
tight correlations between CD66¢ and genotype [5],
makes CD66c a pertinent object of research on aberrant
expression regulation.

In line with the data from Sugita, we confirm the specifi-
city of KOR-SA3544 clone moAb for CD66¢c by CEACAMG6

mRNA detection and by cross-blocking of KOR-SA3544
binding by representative 9A6 clone, that suggests a spa-
tial proximity of the two epitopes recognized. Further-
more we show that all CD66cPos ALL specimens show a
similar extent of glycosylation as cell lines analyzed by
Sugita, which differs from the extent of glycosylation in
granulocytes.

Since there is a strong correlation of ALL genotype and
CD66c¢ expression, we hypothesized that surface CD66¢
expression would be controlled by gene transcription
rather than by targeting to surface from intracellular stores
as proposed by Sugita [13]. In accordance with this, both
intracellular staining and Western blot failed to identify
cytoplasmic CD66c¢ protein in any surface CD66cme8 cells.
Down the same line, no CEACAMG transcript was
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Table 2: Correlation between risk factors and CD66c expression. The distribution of CD66cP°s and CDé66c"<2 cases (cutoff 20%) is
shown. In addition, no difference was observed in the RFS of the risk-defined subsets based on the CD66c expression (log-rank test p-
value > 0.05 in all analyses). Only patients treated by a single ALL BFM-95 protocol are shown here (n = 254).

CDé66cPos cases CDé66cneg cases p-value (chi-square)
All patients 109 145 N/A
Prednisone poor responder 9 12 ns.
Prednisone good responder 100 133
Initial leukocytosis = > 20 x [0%/L 28 44 n.s.
Initial leukocytosis < 20 x |0%/L 8l 101
TEL/AMLI 2 77 P < 0.0001
BCR/ABL 7 |
MLL/AF4 0 |
Hyperdiploid 55 7
Other genotype (not TEL/AMLI, BCR/ABL, MLL/AF4 or hyperdiploidy) 45 59
Age 1-5 59 88 n.s.
Age >5 50 57
Standard risk group 40 58 n.s.
Intermediate risk group 54 72
High risk group 15 15

detected in surface CD66c?¢8 lymphoblasts. Overall our
data suggest that transcription is the checkpoint that leads
to surface expression, rather then the former model,
which proposed that all malignant lymphoblasts generate
the CD66¢ molecule but only some of them target it for
the cell membrane.

Interestingly, importance of this molecule was shown in a
model of colorectal carcinoma where transfection with
CEACAMG inhibited anoikis (10), high CEACAMG pre-
dicted high risk patients with resectable colorectal cancer
(9) and CEACAMG gene silencing decreased resistance to
anoikis in vitro leading to inhibition of metastatic ability
in mouse model (11). Although the function of
CEACAMG in ALL blasts is still unknown, this molecule's
function has been recently associated with pathogenesis
of other types of cancer in man [10-12,23,24]. Study of
anti-CEACAM6 immunotoxin-based therapy in mouse
model of pancreatic carcinoma was published recently
[25].

So far, prognostic significance of expression of myeloid
antigens CD13, CD14, CD33, CD65w, CD11b and CD15
has been studied with conflicting results (summarized in
[26]). As determined in our large cohort of patients
treated on ALL BFM 95 protocol, no prognostic signifi-
cance of CD66c¢ could be revealed in general, nor when we
analyzed separate risk groups or TEL/AML1pos, BCR/ABL-

pos, hyperdiploid and other B-precursor ALL cases sepa-
rately. Furthermore, instability of aberrant expression was
reported for most myeloid markers (CD13, CD14, CD15,
CD33 and CD65).

Stability of expression is a major concern of flow cytomet-
ric studies of MRD. In present, use of multiple CD markers
is widely recommended to prevent MRD underestimation
due to the immunophenotype shift (discussed in
[15,27]). In current study we show for the first time that
CD66¢ expression stays qualitatively stable from diagno-
sis to relapse in all relapsed cases studied. This finding,
together with high frequency of CD66cP°s cases, supports
inclusion of CD66¢ into a moAbs panels for MRD detec-
tion in patients positive for this CD marker at diagnosis.
However, anecdotal downregulation of CD66¢ expression
during chemotherapy has been observed [15], but has not
been methodically studied yet. Any temporary downregu-
lation might lead to falsely lower values of MRD measure-
ment - thus, it would be worthwhile to disclose whether
this phenomenon occurs regularly at certain points of
chemotherapy.

Mutual exclusiveness of MyAg expression as well as differ-
ent stability of CD66c compared to other MyAgs [28]
challenges the general practice of prognostic evaluation of
MyAgpos ALL cases as a group [26] and favors individual
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evaluation of contribution/regulation of each MyAg for
blast cell.

Conclusion

CD66c¢ presents some of the tightest associations with ALL
genotype. Although our findings indicate that CD66c¢ is
unlikely to gain a practical importance as a prognosis
predictor, there are several reasons to focus on it in diag-
nostic and MRD studies. CD66¢, apparently the most fre-
quently expressed aberrant antigen in childhood ALL, is
very useful in discriminating leukemic blasts from non-
malignant cells. Aberrant expression remains a puzzling
phenomenon that warrants further investigation. If it is
confirmed by techniques sensitive enough that the so
called "aberrant markers" are truly not expressed on any
subtle population of lymphoid precursors, there will be
an opportunity to find new targets for specific ALL therapy
(e.g. monoclonal antibodies against differently
glycosylated form of CD66¢c) that will spare the non-
leukemic precursors, thus reducing the treatment toxicity.
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Abstract

TEL/AML1 fusion gene is present in 20—25% of childhood acute lymphoblastic leukaemias. In order to unravel at which stage of B-cell
precursor development the fusion is originated, we analysed frequency and pattern of immunoreceptor (immunoglobulin and T-cell receptor)
gene rearrangements in 47 TEL/AML1-positive and 43 TEL/AML1-negative cases of the same CD10+ immunophenotype. Moreover, we
compared corresponding immunoreceptor gene rearrangements in 11 cases of TEL/AML1-positive leukaemia at diagnosis and relapse. More
mature immunogenotype of TEL/AML1-positive cases and changes in 37% of rearrangements between diagnosis and relapse suggest that ir
most cases the TEL/AMLL fusion is formed during immunoreceptor gene rearrangement process.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction occurs already during prenatal development in most cases
[2—-4]and recent data suggest that it does not necessarily lead
Leukaemias with TEL/AML1 (ETV6/RUNX1) fusion to overt leukaemigb]. However, it is still not clear at which
gene (resulting fromi(12; 21) translocation) form the most  stage of B-cell precursor (BCP) development this fusion takes
common genetically defined subgroup of childhood acute place.
lymphoblastic leukaemia (ALL) with 20-25% of all cases In our study we compare the number and pattern of
[1]. This subgroup is relatively homogeneous and a signifi- immunoglobulin (Ig) and T-cell receptor (TCR) gene rear-
cant part of its characteristics regarding biological and clini- rangements at initial diagnosis in the groups of TEL/AML1-
cal features, behaviour, prognosis and also aetiology has beempositive and -negative patients diagnosed with ALL of the
revealed. However, a number of questions still remain unan-same CD10+ immunophenotype and, moreover, we com-
swered. One of these questions concerns the timing of ini- pare Ig/TCR rearrangements at diagnosis and relapse of the
tiating event of the leukaemic process. It is believed that TEL/AML1-positive leukaemia. In discussion, we offer sce-
the fusion of TEL and AML1 genes is the first or initiat- narios that are compatible with our own data as well as
ing hit in these leukaemias. It has been shown that this hit the other data published so far—particularly, we analyse
hypotheses concerning the question in the background of
* Corresponding author. Tel.; +420 22443 6580; fax: +420 22443 6521. |9/TCR rearrangements and TEL/AML1 fusion relationship:
E-mail addressjan.zuna@lfmotol.cuni.cz (J. Zuna). which comes first?

0145-2126/$ — see front matter © 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.leukres.2004.11.007
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2. Materials and methods and ModFit (Verity House, Topsham, ME, USA) software
applications.
2.1. Immunoreceptor gene rearrangements analysis

_ 2.4, Statistical analysis
We examined pattern of Ig/TCR gene rearrangements in

bone marrow samples of ALL patients using the setof 18 re-  Fisher's exact test and Mann-Whitney test were used for
actions covering the vast majority (>90%) of Ig-heavy chain gtatistical analysis.

(IgH), Ig-kappa (lg), TCR-delta (TCR) and TCR-gamma

(TCRy) rearrangements in B-cell precursor ALL (IgH:

VHI/7-JHcons, VH2-JHcons, VH3-JHcons, VH4-JHcons, 3 Results

VH5-JHcons; Ig: VkI-Kde, Vkll-Kde, VkllI-Kde,

VkIV—Kde, intron RSS-Kde; TCR V52-D83, Db2-Do3; 3.1. Ig/TCR rearrangements in TEL/AML1+ and

TCRy: Vyl-h1.12.1, WI-H13123, WI-WL121,  TE[/AMLI- ALL

Vyll=y1.3/2.3, WIV=Jy1.1/2.1, WIV-Jy1.3/2.3). Se-

quences of primers and PCR conditions were specified else- Tne results of this analysis are summarisedible 1
where[6,7]. Toreliably distinguish clonal PCR products from - the numper of patients with at least one detectable clonal
polyclonal we performed heteroduplex analysis of fragments (; e only mono- or bi-clonal/allelic) rearrangement is com-
using polyacrylamide gel. Clonal PCR products were excised paraple within both selected cohorts (94% versus 95% for
and pu.rified using .QIAquick gel extraction kits (QIAGEN,  TEL/AML1-positive and TEL/AML1-negative groups, re-
Valencia, CA). Purified PCR fragments were sequenced di- spectivelyp=1.0). However, we found a significantly higher
rectly on ABI PRISM® 310 capillary sequencer using Big  tota] number of clonal rearrangements in the TEL/AMLL-
Dye Terminator Chemistry (Applied Biosystems, Foster City, positive patients [{=0.0006). The most significant differ-
CA). Variable V), diversity 0) and joining () regions of  ance between the two groups was identified i $ggment
immunoreceptor genes were identified by comparison with (7294 versus 269 < 0.0001) and also the TGRearrange-
sequences in GeneBank using the ImMunoGeneTics (IMGT) ments were significantly more frequent in the TEL/AML1-
Database Http://imgt.cines.fr IMGT, European Bioinfor-  hgitive group (81% versus 56%= 0.0128). The frequency
matics Institute, Montepellier, France) and the IGBlast search o ¢jonal TCR and IgH rearrangements did not differ sig-
(h_ttp://www.ncb|.nIm.nlh.govhgblast/Natlonal Center for nificantly in the TEL/AML1-positive compared to -negative
Biotechnology Information, Bethesda, MD). patients (53% versus 56%=0.8349 and 79% versus 65%;

=0.1658, respectively).
2.2. Patients P P y)

All patients included in this study were treated in one of 3.2. 1g/TCR rearrangements at diagnosis and relapse
the Czech Paediatric Haematology Working Group (CPH)
centres according to Berlin—Frankfurt—Munster (BFM) ALL
protocols. Informed consent was obtained from patients or
their guardians. We compared the number and pattern of
Ig/TCR rearrangements at initial diagnosis in the groups of 47
TEL/AML1-positive and 43 TEL/AML1-negative patients
diagnosed with ALL of the same CD10+ immunophenotype
(TEL/AML1-positive: common ALLn=30, prae-B ALL
n=17; TEL/AML1-negative: common ALLn=27, prae-B ~ '2dlel . . . .

ALL n=16) and of the same age at presentation. More- Number of patients with clonal (mono- or bi-clonal/allelic) rearrangements
over, we examined Ig/TCR rearrangements in correspond- lgh®  1g«? TCRe® TCRy® =1°  Overalf

ing diagnostic and relapse samples of 11 patients diagnosed EL/AML1+ 79%  72% 53%  81%  94% 186

with relapsed TEL/AML1-positive ALL. The TEL/AMLL ~ ("=47) (37/47) (34/47)  (25/47) (38/47) (44/47) (4.0/pt)

Summary of Ig/TCR rearrangements found in diagnostic
and corresponding relapse samples of 11 patients with re-
lapsed TEL/AML1-positive ALL is shown iffable 2 In four
patients the pattern of rearrangements was the same atdiagno-
sis and relapse (2, 3, 4 and 5 rearrangements, respectively).
In five patients we found loss of some markers at relapse,

status was determined using reverse transcriptase (RT)-PCRg jamii— 65%  26% 56%  56%  95% 116
method as described elsewh§te (n=43) (28/43) (11/43)  (24/43) (24/43) (41/43) (2.7/pt.)
2.3. Cell cycle analysis p 017 <0.000f 0.83 00128 1.0'  0.0006

2 Number of patients with at least one clonal (mono- or bi-clonal/allelic)
CycleTESTt PLUS DNA Reagent Kit (Becton Dickinson rearrangement of particular gene.
Immunocytometry Systems, CA, USA) was used for analy- . Number of patients with at least one clonal _regrrangement.
is of | £ I . di h Total number of clonal rearrangements within the group (number of
sis of nuc ear, D_NA rom cell suspension according to the rearrangements per patient).
manufacturer’s instructions. The distribution of cell cycle ¢ statistical significancep] calculated using Fisher’s exact test.

phases was analysed with CELLQuest (Becton Dickinson) ¢ Statistical significancepj calculated using Mann-Whitney test.
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but at least one dominant rearrangement was maintained be-

Immunoreceptor gene rearrangements of 11 TEL/AML1-positive patients at yyeen the diagnosis and relapse in all of these children. In the
diagnosis and relapse

Patient Immunoreceptor gene rearrangements
Diagnosis Relapse

1 VH4/JH -

VH5/JH VH5/JH
Vkl/Kde VklI/Kde
Vgl/Jgl.3-2.3 Vgl/Jgl.3-2.3
Vglliigl.3-2.3 Vgllidgl.3-2.3

2 VKI/Kde VKI/Kde
- RSS/Kde
Vd2/Dd3 \vd2/Dd3
Vgl/dgl.3-2.3 (1) -

- Vgl/dgl.3-2.3 (2)

3 VH3/JH -

VkIV/Kde -

RSS/Kde RSS/Kde
Vvd2/Dd3 -

Vgl/Jgl.3-2.3 (1) Vgl/Jgl.3-2.3 (1)
Vgl/dgl.3-2.3 (2) Vgl/Jgl.3-2.3 (2)

4 VH3-33/DH3-10/JH6 -

- VH3-38/DH3-10/JH6
VH4/JH -

VH5-51/DH3-10/JH6 (1) -

- VH5-51/DH3-10/JH6 (2)
VKkII/Kde VKII/Kde

Vd2/Dd3 Vd2/Dd3

Vgl/Jgl.3-2.3 -

5 VkI/Kde VkI/Kde
RSS/Kde RSS/Kde
Vd2/Dd3 Vd2/Dd3
Vgl/Jgl.3-2.3 Vgl/Jgl.3-2.3
Vgll/Jgl.3-2.3 -

6 VH3/JH -

VKIll/Kde -
Vgl/Jgl.3-2.3 Vgl/Jgl.3-2.3

7 VkI/Kde -

VKIl/Kde VKIl/Kde
Vvd2/Dd3 -
Vgl/Jgl.3-2.3 Vgl/Jgl.3-2.3
Vgllidgl.3-2.3 -

8 VH2/JH VH2/JH
Vgl/Jgl.3-2.3 Vgl/Jgl.3-2.3
Vgll/Jgl.3-2.3 Vgll/lJgl.3-2.3

9 VH2/JH VH2/JH
VgIviigl.1-2.1 VgIvidgl.1-2.1

10 VH3/JH VH3/JH
RSS/Kde RSS/Kde
Vd2/Dd3 Vd2/Dd3
Vgl/Jgl.3-2.3 Vgl/Jgl.3-2.3

11 VH2/JH VH2/JH
VH3/JH VH3/JH
VklI/Kde VklI/Kde
VKkIl/Kde VKII/Kde
Vgl/Jgl.3-2.3 Vgl/Jgl.3-2.3

remaining two patients the changes were more complex. Pa-
tient number two had clonal rearrangements B2VDS3,
VkI-Kde and Wl-Jy1.3/2.3 systems at diagnosis. At re-
lapse, in addition to identical 32-Dd3 and \kI-Kde, she
gained RSS—Kde rearrangement and thg-\Fy1.3/2.3 rear-
rangement showed a different sequence. Unfortunately, the
limited amount of diagnostic DNA material did not allow us
to backtrack the latter clones back to diagnosis. The diagnos-
tic sample of the patient number 4 was positive in systems
VH3-JH6, VH4-JH4, VH5-JH6, ¥2-D33, Vkll-Kde and
Vvyl-3y1.3/2.3. At relapse the VH4-JH4 and/M-Jy1.3/2.3
rearrangements were lost and the VH3-JH6 and VH5-JH6
rearrangements showed change of the VH segment with
DH-JH sequence maintained. This change is likely to be
caused by a clonal evolution of the rearrangement between
diagnosis and relapse. Altogether, in our cohort of 11 pa-
tients with relapsed TEL/AML1-positive ALL we detected
47 1g/TCR rearrangements at diagnosis and 36 rearrange-
ments at relapse. We found 37% of Ig/TCR rearrangements
to be changed between the two time points.

3.3. Cell cycle analysis of TEL/AML1-positive and
-negative patients

In 59 cases (34 TEL/AML1-positive and 25 TEL/AML1-
negative) we were able to evaluate a cell cycle of the
leukaemic population analysing the DNA content using pro-
pidium iodide. The proportion of the cells in GO-G1 phase
was identical in both groups (median 92% (71-97%) and
median 91% (76-96%) for the TEL/AML1-positive and -
negative patients, respectively; non-significant).

4. Discussion

In normal B- and T-lymphoid precursors the rearrange-
ment process begins with IgH and T&Rjenes, respec-
tively, followed by TCRy (T-lymphocytes) and finally Ig
(B-lymphocytes) in more advanced stages of differentiation
[8]. It has been shown recently that TCR rearrangements
typical for BCP-leukaemic cells are present also in normal
B-cell precursord9]. Therefore, the presence of TCR re-
arrangements in BCP-ALLs probably reflects physiological
situation and also the physiological order of recombination
is preserved in childhood BCP leukaemja8]. The higher
overall number of clonal Ig/TCR rearrangements and par-
ticularly the predominance in the tgand TCRy loci thus
indicates more mature immunogenotype of the TEL/AML1-
positive ALL compared to other childhood leukaemias of the
same immunophenotype. In the traditional view, age at di-
agnosis of ALL could possibly be a factor influencing the
relative immunogenotypic maturity of the leukaemic blasts.
However, age at presentation did not differ significantly be-
tween our groups (TEL/AML1-positive: median 53 months



636 J. Zuna et al. / Leukemia Research 29 (2005) 633-639

(15-167 months); TEL/AML1-negative: median 65 months in 11/26 patients. Even in cases with different TEL deletion
(4-218 months)p=0.47). To further eliminate any possible at relapse compared to original diagnosis (such relapses are
bias caused by the different presentation age we performedbelieved to originate from pre-leukaemic clone by an inde-
also an age-matched analysis of the two groups. We were ablgpendent second hit (TEL deletion)) the Ig/TCR rearrange-
to select 33 patients from each group and made TEL/AML1- ments are maintaindd2,13]. Peham et a[15] used minimal
positive versus TEL/AML1-negative pairs with age at diag- residual disease monitoring techniques and they found “ex-
nosis differing by fewer than six months within each pair. The clusive” relapse rearrangements back at original diagnosis in
analysis revealed similar result with significant difference all relapsed TEL/AML1-positive patients (albeit at different
between the positive and negative groups in the overall fre- levels). The results suggest that some clonal proliferation oc-
quency of rearrangements< 0.0089) and frequency of kg curs already during the pre-leukaemic phase and implies that
(p=0.0002) and TCR (p=0.0332) rearrangements. Again, the pre-leukaemic population is clonal with respect to the
the number of patients with at least one rearrangement asTEL/AML1 fusion but in terms of Ig/TCR rearrangements it
well as frequency of TCRand IgH rearrangements showed is, in fact, a mixture of differently related subclones.

no statistically significant differencg € 0.24,p=0.45 and Possible scenarios of the TEL/AML1 and Ig/TCR rear-
p=0.57, respectively). Comparable results were recently rangements timing (schematically illustratedHig. 1):

obtained in a similar study performed by Hubner et al.
[11].

If we want to disclose the reasavhy the TEL/AML1-
positive leukaemias have significantly more mature im-  In case TEL/AML1 fusion is the first event, the chimaeric
munogenotype compared to others the key question—in product itself would then stimulate the formation of mature
our opinion—is whether Ig/TCR rearrangement precedes Ig/TCR rearrangements from the fully germline configura-
TEL/AML1 fusion or vice versa. There are three conceiv- tion. Several mechanisms could be envisaged including a cell
able scenarios: (1) TEL fuses to AML1 before the initiation cycle retardation in the TEL/AML1-positive cell1]. How-
of Ig/TCR rearrangements; (2) TEL fuses to AML1 after ever, there are facts questioning this scenario. As TEL/AML1
the Ig/TCR rearrangements are completed; (3) TEL fusesis a leukaemia-specific fusion gene we can assume prolifer-
to AML1 during the Ig/TCR rearrangement process. Let us ation of the positive cell before the Ig/TCR genes start to
analyse the three possible situations in the light of the pre- rearrange. If the Ig/TCR rearrangement process begins after
sented data and also with respect to other recently publishedhe first cell division of the TEL/AML1-positive cell with

4.1. TEL/AML1 precedes Ig/TCR rearrangement

studies briefly summarised below.
TEL/AMLL1 fusion often arises pre-natally—the patient-

Ig/TCR genes in germline configuration, we would find dif-
ferent TEL/AML1-positive subclones completely unrelated

specific intronic fusion of the two genes can be “backtracked” in terms of Ig/TCR. This would lead to a polyclonal pattern of

to the patient’s newborn DNA materigd]. However, the fu-

rearrangements within the (prae-)leukaemic population. The

sion itself does not necessarily lead to leukaemia (approxi- importunate questions are:

mately 1% of cord blood samples taken from healthy new-
borns harbour the TEL/AML1-positive cellS] and our un-
published data). A subsequent, postnatal hit (silencing of the
non-translocated TEL seems to be the most probable candi-
date[5,12,13) is needed to trigger an overt leukaemia—it is
usually diagnosed in the pre-school age but the pre-leukaemic
phase can span more than 10 ye@is The Ig/TCR gene
rearrangements specific for the leukaemic clone can also

be detected in the patient's newborn DNA material in both *

TEL/AML1-positive and -negative cas¢$4]. Twins with
concordant TEL/AML1-positive leukaemia shared an iden-
tical genomic TEL/AMLL1 fusion sequence as well as an
identical Ig rearrangement, but another rearrangement of Ig
gene was detected only in one tyj#]. Among TEL/AML1-
positive relapses (recalculated from Rdfs2,15] and our

Why the second hit strikes the cells with the same rear-
rangement in case of concordant leukaemia in twins diag-
nosed at the age of 3 and2]?

e Why are the cells with a specific Ig/TCR rearrangement,

which will be a clonal marker of fully leukaemic cells
several years later, present in the newborn material already
as a relatively large clond4]?

Why the subsequent hit turning the pre-leukaemic cell to
the leukaemic one occurs in the precursor with the same
Ig/TCR rearrangement even in the cases of “relapse” trig-
gered by an independent TEL deletidr2,137?

Taken together we presume this first scenario applies

seldom—if ever—for TEL/AML1-positive leukaemias.

We also tried to confirm the theory of the cell cycle re-

presented data), 25/26 patients with relapsed TEL/AML1- tardation in TEL/AML1-positive ALL suggested previously
positive leukaemia retained at least one dominant clonal im- [11]. In case TEL/AML1 fusion leads to a retardation of a cell
munoreceptor gene rearrangement between the diagnosis andycle one would expect a higher number of cells inthe GO-G1
relapse; in the last case the rearrangements dominant at rephase. However, the proportion of these cells was identical in
lapse were present at original diagnosis at the level 6f10  both (TEL/AML1+ and—) groups. Thus, if the TEL/AML1
(~1 positive cellamong 10.000 negative cells). In total, about fusion causes a cell cycle retardation this effect might be
55% of rearrangements were maintained without change; allnoticeable only in pre-leukaemic cells, but it is definitely
rearrangements were identical between diagnosis and relapsabolished in the leukaemic blasts. Moreover, to our knowl-
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Fig. 1. The three possible scenarios of TEL/AML1 and Ig/TCR rearrangements relationship as described in the text. (1) TEL fuses to AML1 before the
Ig/TCR rearrangements are initiated. TEL/AML1 stimulates/allows the Ig/TCR rearrangement machinery to finish all rearrangements. (2) TRIMUuges to

after the Ig/TCR rearrangements are finished (=TEL/AMLL fusion is originated in a relatively mature precursor). (3) TEL fuses to AML1 during e Ig/TC
rearrangement process; some Ig/TCR genes are already rearranged. TEL/AMLL1 then stimulates/allows the cell to finish the rest. More comments in the te
V, variable;D, diversity;J, joining regions of immunoreceptor genes.

edge, the assumption of the TEL/AML1 blocking the G1to of TEL/AML1 and Ig/TCR can be done—hbirth (indirectly
S progression is not supported by direct experimental data. in twin studies or directly using backtracking on Guthrie
cards), diagnosis and relapse—and at least two of them can
4.2. 1g/TCR rearrangement precedes TEL/AML1 be compared in more than 30 cases described to date. All but
one of these cases have at least one dominant Ig/TCR rear-
This scenario presumes TEL/AML1 fusion occurs when rangement maintained but many rearrangements are changed
the Ig/TCR genes are already rearranged. If the Ig/TCR re- during the evolution process. This makes this scenario the
arrangement process were already definitively finished at most plausible from our point of view. It is probably impos-
the time of TEL/AMLA1 fusion, then all TEL/AML1-positive  sible to prove whether the more mature pattern of Ig/TCR
cells would keep the same Ig/TCR pattern. It is not the caserearrangements in TEL/AML1-positive ALL is rather due
for the majority of patients as demonstrated by the differ- to more mature progenitor originally affected by the fusion
ences between the diagnostic and relapse samples and bgwith most of the rearrangements already finished) or whether
the oligoclonality in about 20% of diagnostic samp|&]. it is a function of the TEL/AML1 protein that, somehow,
Also the spectrum of the rearrangements in the TEL/AML1- stimulates the activity of the rearrangement machinery. We
positive patients showing some non-physiological features believe that combination of both might be responsible for
[11] suggests that at least some Ig/TCR rearrangements mayhe resultant picture. Only fragments of data are available
be completed or changed after the malignant turn of the cell. at the moment to support any of the hypotheses. From the
However, in cases of TEL/AML1-positive ALL with fully  raw data obtained by expression profiling of childhood ALL
identical Ig/TCR pattern at all examined time points this sce- [16] (http://www.stjuderesearch.org/data/Alve recalcu-
nario cannot be ruled out. The “mature” origin of the progen- lated that the expression of the RAG1 gene is significantly
itor originally affected by the TEL/AML1 fusion might also  higher in the TEL/AML1-positive ALL compared to other
contribute to the superior treatment results of this subgroup subtypes; in the analysis based on 79 TEL/AML1-positive
of childhood ALL. and 205 TEL/AML1-negative B-cell precursor childhood
ALL cases the difference reached statistically extremely sig-
4.3. TEL/AML1 arises during the Ig/TCR rearrangement  nificant value p<0.000l). Also the expression of RAG2 is
increased inTEL/AML1-positive cases but not to such extent
When TEL/AML1 fusion is formed some Ig/TCR rear- (p=0.0024 andg=0.24, according to probe set used). This
rangements are already made and others are yet to be finsupports the theory that the fusion gene has some secondary
ished. Generally, we have three time points where analysisimpact on the Ig/TCR rearrangements. Despite the fact that
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the process is certainly more complex, we might speculate to provision of study materials (6), logistic support (9), final
that as there is no difference in the frequency of IgH and approval of article (5). Jan Trka contributed to conception
TCRS rearrangements between the TEL/AML1-positive and and design (1), critical revision of the article for important
-negative cases, the fusion of TEL and AML1 genes takes intellectual content (4), final approval of article (5).
place in the B-cell precursor that already finished the rear-
rangement process of these genes. Increased RAG activity
in the TEL/AML1-positive cases could then stimulate rear-
rangements of Ig and TCRy. This would fit with the data
we present here and with the third scenario proposed in the (1] Zuna J, Hrék O, Kalinova M, Muzikova K, Stary J, Trka J,
discussion. Czech Paediatric Haematology Working Group. TEL/AML1 pos-
In our study, we provide results of two different analyses itivity in childhood ALL: average or better prognosis? Leukemia
concerningimmunoreceptor gene rearrangementsinthe large  1999;13:22-4.
group of TEL/AML1-positive childhood ALLs. We show  [2] Ford AM, Bennett CA, Price CM, Bruin MC, Van Wering ER,
that TEL/AML1-positive leukaemias have more mature pat- Greaves M. Fetal origins of the TEL-AML fusion el iden-
; tical twins with leukaemia. Proc Natl Acad Sci USA 1998;95:4584—
tern of immunoreceptor gene rearrangements compared to g
the negative cases. Our results as well as other recent data[3] wiemels JL, Ford AM, Van Wering ER, Postma A, Greaves M.
allow us to analyse detailed scenarios on the timing of the Protracted and variable latency of acute lymphoblastic leukemia
origin of TEL/AMLL1 fusion with respect to the Ig/TCR re- Zfzter TEL-AML1 gene fusion in utero. Blood 1999;94:1057-
arrangements. The third scenario proposed in this study fits (4] Wiemels JL, Cazzaniga G, Daniotti M, Eden OB, Addison GM,
best with the data from the analysis of the Ig/TCR rearrange- Masera G, et al. Prenatal origin of acute lymphoblastic leukaemia
ments in twins, in the Guthrie cards and in the TEL/AML1- in children. Lancet 1999;354:1499-503.
positive ALL at diagnosis and relapse. We believe this sce- [5] Mori H, Colman SM, Xiao Z, Ford AM, Healy LE, Donaldson
nario is applicable to the majority of TEL/AML1-positive C, etal Chromosome translocations and covert leukemic cIon_es are
. generated during normal fetal development. Proc Natl Acad Sci USA
cases. However, we feel that much additional work must be 2002:99:8242—7,
done before this “which comes first” problem is definitively (6] pongers-willemse MJ, Seriu T, Stolz F, D'aniello E, Gameiro P,
solved. Pisa P, et al. Primers and protocols for standardized detection of
minimal residual disease in acute lymphoblastic leukemia using im-
munoglobulin and T-cell receptor gene rearrangements and TALI
deletions as PCR targets: report of the biomed-1 concerted action: in-
vestigation of minimal residual disease in acute leukemia. Leukemia
1999;13:110-8.
Collaboration of all Czech Paediatric Haematology (CPH) [7] Szczepanski T, Willemse MJ, van Wering ER, van Weerden JF,
centres (leaders: B. Blazek (Ostrava), Z. Cerna (Plzen), Y. Kamps WA, van Dongen JJ. Precursor-B-ALL with D(H)-J(H) gene
Jabali (Ceske Budejovice), V. Mihal (Olomouc), D. Proc- rearrangements have an immature immunogenotype with a high

) f f oligoclonality and hyperdiploidy of ch 14.
hazkova (Usti nad Labem), J. Stary (Praha), J. Sterba (Brno), Lrggtee;?; ;00()1!%(5)?131%'_23‘3" yperdiploidy ot chromosome

K. Tousovska (Hradec Kralove)) is highly appreciated. The (g} van Dongen JJ, Wolvers-Tettero IL. Analysis of immunoglobulin
work was supported by grants 62/2004 (GAUK), 301/P041 and T-cell receptor genes. Part I: basic and technical aspects. Clin
(GACR), 7430 (IGA MZ) and Programs #111300003 Chim Acta 1991;198:1-91.

and #0021620813 from the Czech Ministry of Educa- [9] Krejci O, Prouzova Z, Horvath O, Trka J, Hrusak O. Cutting edge:
TCR delta gene is frequently rearranged in adult B lymphocytes. J

gon. : , Immunol 2003;171:524-7.
Contributions Jan Zuna contributed to conception and de- [10] van der Burg M, Barendregt BH, Szczepanski T, van Wering

sign (1), analysis and interpretation of data (2), drafting the ER, Langerak AW, van Dongen JJ. Immunoglobulin light chain
article (3), final approval of article (5). Ondrej Krejci con- gene rearrangements display hierarchy in absence of selection
tributed to conception and design (1), analysis and interpre- I;O:; functionality in precursor-B-ALL. Leukemia 2002;16:1448—
tation of data (2), final approval of article (5). Jozef Madzo :

References

—
—

—

Acknowledgements

. . o - 11] Hubner S, Cazzaniga G, Flohr T, van der Velden VH, Konrad M,
contributed to technical support (9), critical revision of the Potschger U, et al. High incidence and unique features of anti-
article for important intellectual content (4), final approval of gen receptor gene rearrangements in TEL-AML1-positive leukemias.
article (5). Eva Fronkova contributed to technical support (9), Leukemia 2004;18:84-91.

[12] Ford AM, Fasching K, Panzer-Grumayer ER, Koenig M, Haas
OA, Greaves MF. Origins of “late” relapse in childhood acute
lymphoblastic leukemia with TEL-AML1 fusion genes. Blood

final approval of article (5). Lucie Sramkova contributed to
provision of study materials (6), technical support (9), final

approval of article (5). Ondrej Hrusak contributed to techni- 2001:98:558-64.
cal support (9), critical revision of the article for important [13] Zuna J, Ford A, Peham M, Patel N, Saha V, Eckert C, et al. TEL
intellectual content (4), final approval of article (5). Tomas deletion analysis supports a novel view of relapse in childhood acute

Kalina contributed to technical support (9), critical revision lymphoblastic leukemia. Clin Cancer Res 2004;10:5355-60.
[14] Taub JW, Konrad MA, Ge Y, Naber JM, Scott JS, Matherly LH, et

of the amc'_e for |mporta_nt intellectual cor_1tent (4)’ final Qp- al. High frequency of leukemic clones in newborn screening blood
proval of art"?le (5)- Martina Vas_kova contributed to techmcal samples of children with B-precursor acute lymphoblastic leukemia.
support (9), final approval of article (5). Jan Stary contributed Blood 2002;99:2992-6.



J. Zuna et al. / Leukemia Research 29 (2005) 633-639 639

[15] Peham M, Konrad M, Harbott J, Konig M, Haas OA, Panzer- [16] Yeoh EJ, Ross ME, Shurtleff SA, Williams WK, Patel D, Mahfouz R,

Grumayer ER. Clonal variation of the immunogenotype in relapsed et al. Classification, subtype discovery, and prediction of outcome in
ETV6/RUNX1-positive acute lymphoblastic leukemia indicates sub- pediatric acute lymphoblastic leukemia by gene expression profiling.
clone formation during early stages of leukemia development. Genes Cancer Cell 2002;1:133-43.

Chromosomes Cancer 2004;39:156-60.



	Priloha4.pdf
	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Cell lines
	Flow Cytometry
	Cross-blocking of CD66c moAbs
	Western blot
	Isolation of RNA and Real-Time Quantitative PCR analysis (RQ-PCR)
	Normalized CEACAM6 Expression (CEACAM6n)
	Statistics

	Results
	Frequency of CD66c and myeloid antigen (MyAg) expression
	Cross-blocking of KOR-SA3544 clone with 9A6 clone
	Cytoplasmic presence of CD66c in ALL blasts
	Transcription of CEACAM6 gene
	Western blot
	Stability of surface expression from diagnosis to relapse
	Prognostic significance of CD66c expression

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

	Priloha5.pdf
	TEL/AML1 and immunoreceptor gene rearrangements-which comes first?
	Introduction
	Materials and methods
	Immunoreceptor gene rearrangements analysis
	Patients
	Cell cycle analysis
	Statistical analysis

	Results
	Ig/TCR rearrangements in TEL/AML1+ and TEL/AML1- ALL
	Ig/TCR rearrangements at diagnosis and relapse
	Cell cycle analysis of TEL/AML1-positive and -negative patients

	Discussion
	TEL/AML1 precedes Ig/TCR rearrangement
	Ig/TCR rearrangement precedes TEL/AML1
	TEL/AML1 arises during the Ig/TCR rearrangement

	Acknowledgements
	References



