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Abstrakt

V soucasn¢ dobé patii chronickd myeloidni leukémie (CML) mezi onkologicka
onemocnéni, kterd jsou nejlépe prostudovand na molekulérni arovni. Jeji vznik tésné souvisi
s translokaci mezi chromozomy 9 a 22, ktera vede ke vzniku fazniho genu bcr-abl kodujiciho
fazni protein Ber-Abl. Genova modifikace zplsobuje nezadouci zvyseni aktivity tyrosin-
kinazy (TKA) kodované genem abl. Po zavedeni 1éCby imatinib mesylatem a dal§imi
inhibitory tyrosin-kinazy (ITK), které se oznacuji jako ITK druhé generace, se vyrazné
zlepsila kvalita zivota 1 délka pteziti pacienti trpicich CML. Soucasna cilena terapie vSak
pouze zastavuje prubéh nemoci a snad jen vyjimeéné ji vylé¢i. Jednim z hlavnich divodi je,
ze se nadorové bunky nechovaji pii 1é¢b¢ pasivné. Pomérné ¢asto dochazi k mutacim, které
maji za nasledek selekci klonu, ktery je na uzitou farmakoterapii rezistentni; ¢i k amplifikaci
fazniho genu bcr-abl. Moderni farmakoterapie zalozena na ITK téZ neni sto zasahnout
nadorové kmenové bunky, které se stdvaji pii preruseni 1écby zdrojem relapsu nemoci.
Jedinou soucasnou moznosti vyléceni CML je transplantace allogennich hematopoetickych
kmenovych bungk. Slabinami tohoto terapeutického ptistupu jsou maly pocet vhodnych darca

a také vysoka morbidita a mortalita u nemocnych ptijemct.

V soucasné¢ dobé& je rozSifeno presvédCeni, ze problémy s lécbou nemoci vyiesi
imunoterapie, ktera by se mohla stait vhodnym doplitkem ,klasické* 16¢by. Uspésna
imunoterapie by krom toho podstatné sniZila naklady na jednoho léceného pacienta, podle

nekterych odhadl pti nejmensim na 1/3 soucasné ceny.

Cilem snazeni védeckého kolektivu, jehoz jsem c¢lenkou, je vyvoj a provérka
terapeutickych vakcin prott CML. Mym tkolem bylo feSit n€které dil¢i tikoly souvisejici
s vyvojem vakcin. K modelovému studiu imunologie a biologie bunék transformovanych
lidskym faznim genem bcr-abl vyuzivame mysSich (BALB/c) buné¢nych linii B210 a 12B1.
Ty byly transformovéany fuznim genem pomoci retrovirovych vektorid. Nedilnou soucasti
naSeho usili je nalezeni zplsobu, jak posilit terapeuticky uc€inek vakcinace dal§imi

intervencemi.

Predkladana dizertacni prace popisuje tii dil¢i projekty, jejichz feSenim jsem byla
povéfena. Prvni je zaméfen na proteomovou analyzu zminénych bunéénych linii s cilem
vysvétlit jejich rozlicné chovani in vitro a in vivo. Druha ¢ast prace se tyka vyvoje bunécné
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vakciny zamétené proti neoangiogenezi u CML a jejiho testovani in vitro a in vivo. Tretim
projektem byl pokus vyvolat pomoci DNA vakciny imunitu proti chemokinu SDF-1a, ktery
hraje dulezitou roli v patogenezi leukemii. Provedené studie pfinesly fadu neCekanych

pozorovani, které jsem se pokusila vysvétlit.

Uvod

Chronickd myeloidni leukémie patii mezi myeloproliferativni onemocnéni,
charakterizované klondlni proliferaci malign¢ transformované hematopoetické kmenové
bunky. Typickd je masivni proliferace bunék myeloidni fady s pievahou postizeni
granulopoezy. Pro CML je charakteristickd cytogeneticka odchylka oznacovana jako
Filadelfsky chromozom (Ph+), ktery vznika v dusledku reciproké translokace (9;22) (q34;
qll). Vysledkem chromozomové aberace je vznik fizniho genu bcr-abl koédujiciho fazni
protein Ber-Abl (P210°"®Y, ktery hraje klidovou roli v leukemogenezi. Se zvysenim
povédomi o imunologickych procesech, které provazeji pribéh nemoci, Se nabizi feSeni 1éCby
CML pomoci imunoterapie. CML je pro ni vhodnym kandidatem z nékolika dtvodi:(Vonka
2010). Jsou to (i) pomaly rozvoj nemoci, ktery dava dostate¢ny cCasovy prostor pro
imunoterapeuticky pfistup; (ii) nddorové bunky cirkuluji v krvi a lymfatickém systému, coz
zajistuje kontakty mezi nimi a imunitnim systémem; (iii) nadorové bunky obsahuji specificky
antigen Bcr-Abl, ktery vyvolava syntézu dalSich TAA (tumor asociovanych antigent), které
se v normalnich burnikach dospé€lého jedince nevyskytuji, jde napt. o nékteré cancer-testis
antigeny; (iv) krom toho, a to je obzvlasté pfiznivy moment, existuje velmi w¢inna
chemoterapie, kterd redukuje nadorovou masu a tim 1 tvorbu nddorem produkovanych

imunosupresivnich faktord.

Hypotéza a cile prace

Kone¢nym cilem naseho snazeni je vyvoj vakciny proti CML. Na mys$im (BALB/c)
modelu vyuzivame k studiu imunitnich reakci linie B210 a 12B1 transformovanych lidskym
faznim genem bcr-abl. Obé indukuji leukemii po i.v. podani. Bunky 12B1 jsou pfiblizné
100krat onkogennéjsi nez B210 a kromé leukemie vyvolavaji po subkutdnnim (s.c.) podani

vvvvv

vnimavosti k imunologickym reakcim organismu. Buiky B210 maji vyjimecnou vlastnost
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ochréanit mysi proti ¢elenzi homolognimi butikami; imuniza¢ni uc¢inek ma i s.c. podani malych
mnozstvi zivych bun¢k. Pfi ¢elenzi buitkami 12B1 je ucinnost imunity daleko nizsi, ackoli

Obcr-abl

ob¢ bunécné linie produkuji stejnd mnozstvi P21 proteinu. Dfivéjsi studie pacientl s

CML ukézaly, ze protein P210°® nenese imunodominantni epitopy, coZ naznaduje, Ze z
v leukemickych bunkach vyvolava. Domnivame se, ze rozdily, které zjistujeme mezi nasimi
liniemi, souviseji se zminénym pozorovanim. Cilem mé studie je rozSifeni znalosti o
antigenni struktufe obou bunécnych linii, coz by mohlo pfispét k identifikaci proteint
zodpovédnych za vyss$i imunogennost bun¢k B210 a za odlisny onkogenni potencial bunék
12B1.

Nedilnou soucasti Gsili o vyvoj protinadorovych terapeutickych vakcin je také nalezeni
zpusobu, jak posilit terapeuticky ucinek specifické vakcinace dal$imi intervencemi.
Predpoklada se, Ze jednim z nejucinnéjSich bude zasah proti angiogenezi, bez niz neni mozny
invazivni rast nadoru a tvorba metastaz. Mezi substance, které maji schopnost potlacit
nadorovou angiogenezi a ruist nadoru, patii endostatin (ES). Tento C-terminalni produkt
proteolytického Stépeni kolagenu XVIII potladuje proangiogenni signalni drahy a aktivuje
drahy protiangiogenni. Cilem mé prace bylo zjistit ti€inek produkce ES nadorovymi bunikami

na jejich onkogenni potencial.

Mnohé studie potvrdily, Ze nadorové (stromalni) mikroprostfedi kostni diené ovliviiuje
prezivani leukemickych bunék. Vyrazné tomu pfispiva piitomnost receptoru CXCR4 na
povrchu nadorovych bunék jak lymfoidni tak myeloidni fady a produkce chemokinu SDF-1a
bunikami stromatu i endotelialnimi buiikami ve stavu hypoxie. Vazba ligandu SDF-1a na
receptor CXCR4 indukuje chemotaxi leukemickych bungk, ktera vede k jejich migraci do
mikroskopickych nik kostni dfené. Komplex SDF-1a/CXCR4 ovliviiuje drahy PI3K/Akt a
MAPK nadorovych bunék, ¢imz zvysuje jejich potencial k prezivani a dalsi proliferaci. Cilem
naseho usili bylo vytvofit DNA vakcinu zaméfenou proti SDF-la. Ocekavali jsme, Ze
vyvolanim imunitnich reakci proti tomuto chemokinu bude posilena G¢innost specifické

protinadorové vakciny.
Cile prace:

Projekt 1: Identifikace TAA v bunikach mysich linii B210 a 12B1, které byly transformovany
faznim genem bcr-abl a produku;ji protein Ber-Abl.

5



Projekt 2: Priprava a vyzkouseni vakciny z bun¢k geneticky modifikovanych tak, aby

exprimovaly mysi gen pro ES.

Projekt 3: Vyvolani imunity proti SDF-la, jednomu z chemokint, které podporuji rust

nadoru.

Tato prdce vznikla za podpory grantovych projektii MZCR IGA NS 10634-3/2009 a
MZOUHKT 2005.

Material a metodika

Bunécné linie

Ve vétSin€ experimentd jsem pouzila mySi bunééné linie B210 a 12B1. Tyto buiky
jsou transformované fuznim genem bcr-abl. V nékterych experimentech mi poslouzily jako
kontroly bunééné linie HUVEC (human umbilical-vein endothelial cells, Cascade, Biologics,
UK), TE-2, HelLa, K562, 293T a HL60.

Plazmidy

V experimentech byly pouzity plazmidy: pBLAST49-mEndo, pBSC/SDF-1a,
pTR-UF2.

Transdukce bunék

Bunééné linie byly genové modifikovany pomoci elektroporace nebo

kalciumfosfatové precipitace.
Western blotting

Pro testovani produkce proteind bunéénymi liniemi jsem pouzila Western blotu (WB).
Po blokaci byla PVDF membrana inkubovana s primarni protilatkou v pfislusném fedéni po
dobu 60 min. pfi standardni laboratorni teploté a dale pak pii 4 °C pies noc. Druhy den byla
membrana inkubovana se sekundarni protilatkou IgG znacenou HRP (horseradish
peroxidase). Chemiluminiscentni reakce byla vizualizovana kitem ECL Plus Western Blotting
Detection System (GE Health Biosciences, PA, USA) a pouzitim filmi Amersham
Hyperfilm™ ECL (GE Health Biosciences, PA, USA).



Kinexus protein array

Pro vySetfeni pfitomnosti 800 bunécnych signdlnich proteinti v lyzatech bunck linii
B210 a 12B1 bylo vyuzito Kinex™ Antibody Microarray Services (Kinexus, Vancouver,
Kanada). Set testovanych proteint zahrnoval 193 protein-kinaz, 24 fosfataz, 150 regula¢nich
podjednotek téchto enzymu a dalSich 433 signalnich proteint regulujicich proliferaci, reakci
na stres a apoptozu. Pfislusny servis zahrnoval jeSt¢ potvrzeni pfitomnosti 18 proteini

vybranych na zakladé vysledku protilatkové matice (array) metodou multi-blottingu.
ELISA

Pro stanoveni proteind v plazmé mysi jsem vyuzila komeréni soupravy testi ELISA.

Pti provadéni bylo postupovano dle pokynii vyrobce.
Experimenty na zviratech

Ve vsech pokusech byly pouzity laboratorni mysi-samice kmene BALB/c ve véku 6-8
tydna (Charles Rivers), se standardni dietou a ustdjenim v konvencnich chovech (Centrum
pro experimentalni biomodely, 1. LF UK). VSechny pokusy provadéné na zvifatech byly

v souladu s legislativou platnou v CR.
Gene Gun

Metoda gene gun je zaloZena na biobalistické stiele ¢astic DNA navazanych na zlato. Pod
tlakem helia 400 psi, je vstielena davka obsahujici 1pg DNA do podkozi pokusnych zvitat

Vv bfisni oblasti. Pfi pfipravé naboju jsem postupovala podle pokynt vyrobce.

Vysledky
Projekt 1: Identifikace TAA v buiikach mySich linii B210 a 12B1, které byly

transformovany faznim genem bcr-abl a produkuji protein Ber-Abl

Na zakladé naSeho zadani byla firmou Kinexus zjistovana v lyzatech bunék obou linii
pfitomnost 800 signalnich protein. Vyznamny rozdil v ptfitomnosti proteini v lyzatech bunék
B210 a 12B1 byl pomoci protilatkové matice detekovan v 31 ptipadech. Nejvyznamnéjsimi
rozdily v sile reaktivity se tykaly integrinu Bl v ptipadé bun¢k 12B1 a kaspaz (jmenovité
CASP6 a CASP7) v piipadé¢ bunék B210. Lyzaty bun¢k 12B1 zvySené reagovaly rovnéz
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s protilatkami proti proteinim Vrkl, STK33, PKM2, IRAKS, Tlk1l, MARK, Btk, FAK, IKKa,
ZAPT70, INK2/3. V pripadé lyzatt bun¢k B210 se zvyseni reaktivity tykalo proteinit CASP2,
CAMKZ2p, p38aMAPK, p38yMAPK, CAMK?2y, Hsp27, CAMKK, mTOR, CASPS5, Hsp90,
Hsp90pB, Histone H2A. X, CAMK4, Hsp90a, Erk2, Erb2 (Her2) v linii B210. Podle vysledka
ziskanych pomoci protildtkovych matic bylo vybrano nékolik proteind pro vysetfeni pomoci
WB. Pocet téchto vySetieni byl omezen smluvnimi podminkami s firmou Kinexus. Pouze u
Casti proteint, a to integrinu Bl a CaMK4 v bunkach 12B1 a kaspaz, MAPKp38, Erk2,
Histone H2A.X a Hsp90 v buiikkach B210 byla prokazana jejich zvySena produkce.

Produkci dal$ich vybranych proteind jsem testovala metodou WB. Proteiny ADRP,
ARK-1, Bcl-x,. a RHAMM byly siln¢ produkovany jak buiikami B210 tak i buitkami 12B1, a
to priblizné v stejném mnozstvi. Proteiny CML66, Hsp70 a PD1 byly detekovany Vv nizkych
hladinach bez vyznamnych rozdili mezi buikami B210 a 12B1. V dalsich pokusech jsem
zjistovala proteiny CAIX, Nm23-H2 a SPAGY. Produkce CAIX byla vyssi v buitkach 12B1
nez v buiikach B210. Naopak, produkce proteini Nm23-H2 a SPAG9 byla vyssi v buiikach
B210. Produkce proteinu SPAGY byla rovnéz vyssi v bunkach B210 nez v bunkach 12B1.
Piekvapivé pod hranici detekce metodou WB byly proteiny TERT, Pr-3, Wt-1, cathepsin G,
survivin a PRAME-like 1, kter¢ jsou zjistovany v lidskych leukemickych buiikach.

Projekt 2: Priprava a vyzkouSeni vakciny z bunék geneticky modifikovanych tak, aby

exprimovaly mySi gen pro ES

Pro ptipravu experimentalni vakciny jsem pouzila bunky B210, které¢ byly
transfekované metodou elektroporace bicistronickym plazmidem nesoucim geny pro mysi ES
a pro rezistenci k blasticidinu. Od transduskované linie jsem odvodila 10 klond, které
produkovaly ES. V proliferaénim testu s bufikami HUVEC jsem potvrdila biologickou
aktivitu proteinu. Populace klont byla velmi heterogenni, pokud §lo o produkci ES. Pro dalsi
experimenty jsem vybrala dva klony, vyrazné se lisici v tvorbé ES. Obé¢ sublinie byly pouzity
k experimentim na zvifatech. Pii ovéfovani onkogenniho potencialu jsem ziskala velmi
ptekvapivé vysledky. Leukemogenni potencial transdukovanych bunék byl sice snizen, ale
témer u poloviny experimentalnich zvitat inokulovanych davkou 10° bungk jsem zaznamenala
tvorbu solidnich nadorii. Néadory byly bohaté vaskularizované bez znamek nekrozy.
V tumorech byla potvrzena ptitomnost bcr-abl-pozitivnich bunék. Buiky linii odvozenych od

nadort produkovaly ES.



Projekt 3: Pokus o0 vyvolani imunity proti SDF-1a, jednomu z chemokini, které

podporuji rist nadoru

Tento projekt byl pokracovanim prace kolegy Lucanského, kterd oziejmila, Ze se
inokulaci prislusného plazmidu nepodafilo vyvolat imunitni reakce proti SDF-la.
U inokulovanych zvirat v§ak doslo ke zmén¢ onkogenniho potencidlu bun¢k 12B1 pouzitych
k ¢elenzi. Pokusila jsem se objasnit, pro¢ podani plazmidu obsahujiciho gen pro SDF-1la,

rezultovalo v potlaceni vyskytu solidnich nadorti a zvyseni leukemogeneze.

Testovala jsem pfitomnost dalSich proteinti v lyzatech buné¢k 12B1. Potvrdila
jsem silnou produkci receptoru pro SDF-1a, ktery se oznacuje jako CXCR4, a transkripéniho
faktoru HIF-1a, ktery je silnym induktorem CXCR4. Tento protein jsem zjistila jak
Vv cytoplazmé, tak v izolovanych bunéénych jadrech. Produkci SDF-1a jsem v lyzatech bunék
nezjistila ani ve WB ani v testu ELISA. Naproti tomu zvifata s nadory méla vysoké hladiny

cirkulujiciho chemokinu prokazovaného testem ELISA.

Diskuze

Projekt 1: Identifikace TAA v buiikach mySich linii B210 a 12B1, které byly

transformovany faznim genem bcr-abl a produkuji protein Ber-Abl

Cilem studie byla ¢astecnéd proteomova analyza dvou mySich bunéénych linii B210 a
12B1, které byly v ptedchozich letech na nasem oddéleni hojné vyuzivany k experimentim in
vivo i in vitro (Sobotkova et al. 2005; Lucansky et al. 2009; Petrackova et al. 2010). Ob¢ linie
patii do lymfoidni fady, ale li§i se vyvojovym stupném. Podle exprese povrchovych markert
jsou bunky 12B1 klasifikovany jako pre-B, zatim co buiky B210 jako pro-B bunky. Cilem
mého projektu bylo rozsifit znalosti o produkci TAA témito dvéma liniemi a na zakladé

zjisténych rozdilt se pokusit vysvétlit jejich odlisné chovani in vivo.

Studium probéhlo ve dvou fazich. V prvni jsem vyuzila nabidky firmy Kinexus
vySetfit pomoci protilaitkovych mikroarrayl lyzaty bunék obou linii na piitomnosti 800
proteintl, které hraji roli pfi bunééném ristu. Ve druhé fazi jsem se pokusila v bunéénych
lyzatech prokazat piitomnost mySich analogi proteinii, o kterych je zndmo, Ze jsou

produkovany v bunikach pacientii s CML.

Pro vySetfeni signalnich proteini byl vyuzit komer¢ni servis Kinexus Antibody
Microarray Analysis (KAMA) s nasledujici detekci vybranych proteint pomoci WB. S
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pomoci KAMA byly mezi liniemi 12B1 a B210 detekovéany statisticky vyznamné rozdily
v produkci 31 proteint. V ptipadé bunék 12B1 byla zjisténa zvySena produkce 12 proteintl.
Spolehlivéjsi WB ji vSak prokazal pouze u 2, a to integrinu f1 a CAMKA4. V ptipad¢é bun¢k
B210 byla zjiSténa zvysena produkce u 19 proteinti, coz potvrdilo vySetieni WB pouze u 7
proteint, a to PKM2, MAPK (izoformy p38y a p38a), Hsp90, Erk2,CASPS a CASP7. Rozpor
mezi vysledky obou testi by mohl souviset s jejich rozdilnou citlivosti, se skutecnosti, Ze
Vv mikroarrayich se detekuji proteiny v nativni formé, a kone¢né s mnohem vysSim rizikem
faleSné pozitivnich vysledki v tomto testu. Prvnim proteinem byl integrin 1 (jehoz zvySena
produkce byla prokazana jak v protilatkovych mikroarrayich tak ve WB), ktery zprostiedkuje
vazbu na fibronektin. Jeho mozny vztah Krozdilnym vlastnostem zkoumanych bunék je
prozatim nejasny. Analyza je komplikovana pFitomnosti proteinu Ber-Abl, 0 némz je znamo,
ze ovliviiuje adhezivitu bunék na fibronektin (Barnes et al. 2005). Smysluplnéjsi je zvySeni
produkce CAMK4. Jde o multifunkéni protein-kinazu, jez je povazovana za soucast drahy
vedouci k aktivaci antiapoptickych signdlnich drah. Skutecnost, Ze neni exprimovana
v bunikach B, ale produkuji ji pre-B bunky 12B1, ¢ini moznou jeji ucast ve vysokém
onkogennim potencialu téchto bunék. Jak jiz bylo zminéno, nékolik proteind je G¢inngji
tvofeno buiikami B210. Protein Hsp90 byl popsan jako protein vazici se na P210°"
(Nimmanapalli et al. 2001), jeho ptitomnost v Bcr-Abl-pozitivnich buikach se dala ocekavat.
Rozdil mezi zkoumanymi liniemi byl maly a Ize si jen tézko ptedstavit, Ze by mohl vyznamné
ovlivnit rozdilny onkogenni potencial zkoumanych bunék. Dalsi proteiny, které byly ve veétsi
mife produkované bunkami B210, patii do rodiny MAPKs. Produkce proteinu p38aMAPK
byla v buiikach 12B1 snizena pfiblizné o 65 % ve srovnani s bunkami B210 a p38yMAPK byl
dokonce detekovan pouze v buiikdch B210. V minulosti bylo prokazano, Ze tyto ze tyto
proteiny indukuji senescenci (Kwong et al. 2009), ktera vede k sniZzeni bun&né proliferace a
K apoptoze. Domnivam se proto, ze nizsi onkogenni potencial bunék B210 souvisi s jejich
produkci. V bunkach B210 byla zjisténa i zvysena produkce kaspaz CASP6 a CASP7, které
rovnéz mohou prispét K snizeni onkogenniho potencidlu. Zjisténé malé rozdily v produkci

dalSich proteinil 1ze jen obtizn€ interpretovat.

Pii meéfeni produkce mySich analogh TAA jsem nenachidzela mezi zkoumanymi
bunéénymi liniemi Zadné vyznamné rozdily s vyjimkou proteinit CAIX, Nm23-H2 a SPAG9.
Soudi se, ze vSechny tii jsou indukovany fuznim proteinem Bcr-Abl. Protein CAIX byl ve
zvySené mife vytvafen v buiikdch 12B1. Je to membranovy protein, ktery patii do rodiny

karboanhydraz (Zavadova and Zavada 2005). Katalyticky aktivni enzym je spojen s hypoxii,
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ktera doprovazi rust nadorG (Stubbs et al. 2000). Tyto poznatky ve svém souhrnu ¢ini
moznym, ze vyS$i onkogennost bunék 12B1 a tvorba solidnich tumorti po s.c. inokulaci
souvisi také s produkci CAIX. Pokud je mi znamo, detekce proteinu CAIX v naSich bunikach
je prvni zpravou o jeho pritomnosti v mySich buiikach rodiny B. ZvySena produkce proteinti
Nm23-H2 a SPAGY9 by mohla byt aspon ¢asteéné odpovédnou za snizeny onkogenni
potencial a zvySenou imunogennost bunék B210 (Smahel 2011; Suri et al. 2012).

Piekvapiveé nebyly ani u jedné bunééné linie detekovany proteiny TERT, cathepsin G,
Pr-3, PRAME-like 1, survivin a Wt-1, o kterych je znamo, Ze je produkuji nadorové bunky
CML.

Projekt 2: Priprava a vyzkous$eni vakciny z bunék geneticky modifikovanych tak, aby

exprimovaly mysi gen pro endostatin

Pro pfipravu bunééné vakciny proti angiogenezi jsem pouzila bunéénou linii B210.
Pro transfekci mi poslouzil bicistronicky plazmid nesouci gen pro mysi ES a gen pro
blasticidinovou rezistenci. Z transdukované linie B210/E jsem izolovala celkem
10 buné¢nych klont. Pro dalsi experimenty jsem vybrala dva, které se vyrazné liSily
v produkei ES. Chtéla jsem zjistit, zda mnozstvi vytvarené¢ho ES, ovlivni chovani bunék in

Vivo.

Pfi srovnani s matetskou linii B210, byly bunky produkujici ES méné onkogenni. V
pripadé inokulace matefskymi buitkami B210 v davce 10° bundk, zvitata umirala na leukemii
kolem 20. dne po inokulaci. Mysi, pokud nezahynuly do 30. dne po inokulaci, zacaly tvofit
mnohocetné rychle rostouci intrathorakalni, intraabdominalni a subkutanni solidni nadory.
Bunky nadoru produkovaly ES, stejné tak jako linie od nich odvozené, takze zménu
onkogenniho potencialu nezpisobila ztrata nebo umlceni transgenu. Piekvapivé byly nadory
velmi dobfe vaskularizované bez znamek nekrozy. V minulosti byla popsana ftada
proangiogennich faktord, které produkuji buiky pacienti s CML (Sillaber et al. 2004).
Takové buiiky pak mohou mit vyhodu ve formé rezistence vici intervencim proti
angiogenezi. Je mozné, Ze bohatd vaskularizovand sit’ v naSem experimentdlnim modelu
vznikla z nediferenciovanych nadorovych bungk, které se uc¢inkem produktti prostiedi nadoru
transdiferencovaly na bunky, jez vykazuji endotelialni markery. Tento jev je popsan jako
vaskulogenni mimikry (Maniotis et al. 1999; Hillen and Griffioen 2007). Je mozné, ze

vyrazn¢ ovlivnil nase vysledky (van der Schaft et al. 2004).
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Projekt 3: Pokus o vyvolani imunity proti SDF-la, jednomu z chemokini, které

podporuji rist nadoru

Plvodnim cilem projektu bylo navodit imunitni odpovéd’ proti SDF-1a a tim posilit
ucinnost specifické vakciny zamétené proti butikam transformovanym fuznim genem bcr-abl.
Pro celenz bylo pouzito bun¢k 12B1, protoze tvofi po subkutanni inokulaci solidni nadory,
jejichz velikost 1ze pouzit jako spolehlivy ukazatel sily imunitnich reakci. Nepodatilo se ndm
prokdzat, ze by opakované nitrokozni podani plazmidu, ktery nesl gen pro SDF-la,
rezultovalo ve vzniku bunééné ¢i humoralni imunity k tomuto proteinu. Z vysledkt pokusi,
snimiz zacal Dr. Lu€ansky, vyplynulo zajimavé zjisténi: ,,vakcina®“ pBSC/SDF-1a vyrazné
ovlivnila onkogenni potencidl bun¢k 12B1. U zvifat, kterym byl podan plazmid
pBSC/SDF-1a samostatné, ale i v kombinaci s plazmidem pBSC/BCR-ABL, byl zvyseny
pocet zvifat, kterd umirala na leukemii a netvofila solidni nadory jako zvifata kontrolni. To
byl efekt praveé opacny tomu, ktery jsem zaznamenala v praveé popsaném systému bun¢k B210
geneticky modifikovanych tak, aby tvofily ES. Tato pozorovani vypovidaji o labilité

onkogenniho potencialu obou bunéénych linii.

Ziskané vysledky pravdépodobné souviseji S vlastnostmi pouzitych bunék.
Bunky 12B1, které jsou charakterizovany jako pre-B buiky, produkuji protein Ber-Abl a také
proteiny CXCR4, ktery je receptorem pro SDF-1la, a HIF-1a, ktery jako transkrip¢ni faktor
zvySuje produkci CXCR4 (Cronin et al. 2010) a vyznamné podporuje piezivani leukemickych
bungk v my$im modelu CML (Zhang et al. 2012). Uloha chemokinu SDF-1a v patogenezi
leukemie je spojovana s osou SDF-1a/CXCR4 (Kittang et al. 2010). Interakce ligandu
SDF-1a s receptorem CXCR4 vede ke zvySené adhezi leukemickych bunék k stromalnim
buiikdm kostni diené, ale i k buitkdm tzv. extramedularnich nik, a Kk jejich zvysené proliferaci

a diferenciaci.

Na zaklad¢ zminénych pozorovani je mozné zménéné chovani 12B1 bunék vysvétlit
tak, Ze SDF-1a vyvolal zrychlenou migraci bunék 12B1 do extramedulérnich nik. ZvySenou
migraci bunék z mista inokulace mohlo dojit k vyraznému lokalnimu sniZeni poctu
nadorovych bungk, takZe jich nezbyvalo dost pro vyvolani solidniho nadoru. Ve hie ale
mohlo byt i snizeni adhezivity bun€k 12B1 k nddorovému stromatu, které mohlo zpiisobit, Ze

buiiky 12B1 tvofily solidni nadory s niz§i u¢innosti.
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Za vysoké hladiny proteinu SDF-la v plazmé zvifat, ktera méla nédory,

pravdépodobné odpovidaly buiiky nddorového stromatu.

Nicméné krom¢ samotného SDF-lo se mohly na procesu zmény onkogenniho
potencialu podilet i dalsi faktory. Je nutné si uvédomit, Ze chemokiny nejsou v systému in
Vivo izolované, ale ze ovliviuji celou fadu signalnich kaskad a interaguji s dal§imi proteiny.
Navic je potieba brat v ivahu ptitomnost fuzniho proteinu Ber-Abl, ktery ovlivituje fadu drah
vcetné osy SDF-1a/CXCR4. Kromé¢ toho byla popséana fada chemickych substanci jako napft.
PGE2, kyselina hyaluronova, fibrinogen a dalsi, které ovliviuji reaktivitu bunék s SDF-1a

(Ratajczak et al. 2013).

Zavéry:

Projekt 1: Proteomova analyza prohloubila znalosti o antigenni struktute bcr-abl pozitivnich
mysich bunéénych linii B210 a 12B1. Byly detekovany rozdily v produkci nékolika signalnich
proteinti i TAA. Bunkami 12B1 se produkovalo vice integrinu 1, CAMK4 a CAIX. V bunkach B210
se tvotilo vice MAPK (dvou izoforem), kaspaz CASP6 a CASP7, Nm23-H2 a SPAGY. Vysledky
umoznuji alespon z ¢asti pochopit rozdily v biologickém chovéani zkoumanych bunéénych

linii a skytaji voditka pro dal$i vyzkumnou préci.

Projekt 2: Z bunék B210 se podafilo izolovat a provéfit dvé bunééné sublinie S rozdilnou
produkcei biologicky aktivniho proteinu ES. Onkogenni potencial bun¢k produkujicich ES byl
snizen, avSak pokud zvifata nezemiela kolem 20. dne po inokulaci na leukemii, zacaly se u
nich po 30. dnu tvofit bohaté vaskularizované intraabdominalni, intrathorakalni a subkutanni
nadory. Zména onkogenniho potencialu a rdst nadorti in vivo nebyly provazeny ztratou

produkce ES.

Projekt 3: Intrakutanni aplikace plazmidu nesouci gen pro SDF1-o nevyvolala imunitni
reakci proti tomuto chemokinu, ale zptisobila zménu onkogenniho potencialu bunék 12B1
uzitych k Celenzi. Pti jejich dalsi analyze byla potvrzena produkce transkripéniho faktoru
HIF-1a a jim indukovaného proteinu CXCR4, ktery je receptorem pro SDF-1a. CXCR 4 byl
rovnéz zjistén v izolovanych bunécnych jadrech. Ani ve WB ani pomoci testu ELISA nebyl
chemokin zjistén v buiikach 12B1. V plazmé zvitat, ktera méla solidni nadory, byly nalezeny
vysoké hladiny SDF1-a, nejspi§ produkovaného stromatem nadoru. Na zaklad¢ uvedenych
pozorovani byla vyslovena hypotéza, Ze zména onkogenniho potencidlu bun¢k souvisi
s interakci mezi chemokinem a proteinem CXCR4.
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Abstract

At present, chronic myeloid leukemia (CML) is one of the best understood oncological
disorders at the molecular level. Its development is closely related to the translocation
between chromosomes 9 and 22 that leads to the formation of the bcr-abl fusion gene
encoding Bcr-Abl fusion protein. This gene modification results in an undesirable increase of
the activity of the tyrosine kinase (TKA) encoded by the abl gene. After the introduction of
imatinib mesylate and other tyrosine kinase inhibitors (TKI), referred to as the second
generation TKI, the quality of life and the survival of patients with CML has greatly
improved. Current drug treatment stops the progression of the disease and induces a
remission; however, it only rarely, if ever, results in a cure. One of the main reasons is that
cancer cells do not behave passively during the treatment. Frequently, the mutations of the
gene lead to the selection of a clone, that is pharmacotherapy—resistant; or to an amplification
of the bcr-abl. fusion gene. Furthermore, modern drug therapy based on TKIs does not
eradicate tumor stem cells, which are the source of the leukemia relapse. Currently, the only
possibility of curing CML is transplantation of allogeneic hematopoietic stem cells. The
weaknesses of this therapeutic approach include scarcity of suitable donors and a relatively

high morbidity and mortality in the patient recipients.

At present, it is a widespread conviction among the oncologists that immunotherapy
may help to solve the problems associated with the treatment of the disease, and that it could
soon develop into an efficient complement of the “classical” treatments. Successful
immunotherapy would also significantly reduce the cost of treatment, according to some
estimates, to at least 1/3 of the current price.

The aim of the efforts of our scientific team, of which I am a member, is the
development and testing of therapeutic vaccines against CML. My task was to solve some
issues related to the development of the vaccine. In our experiments we are using murine
(BALB/c) B210 and 12B1 cell lines transformed by the human bcr-abl fusion gene by means
of the retroviral vectors. An integral part of our efforts is to find ways how to enhance the

therapeutic effect of vaccination with other interventions.

This thesis describes the outcome of three sub-projects for which | was responsible.
The first one was directed to proteomic analysis of the cell lines mentioned and aimed at

explaining their different behavior in vitro and in vivo. The second concerned the
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development of cell vaccines directed against neoangiogenesis in CML and their testing in
vitro and in vivo. The third one was an attempt to induce immunity against the SDF-1a by a
DNA vaccine. This chemokine plays an important role in the pathogenesis of leukemia. The

studies produced a series of unexpected observations, which I tried to explain.

Introduction

Chronic myeloid leukemia is a myeloproliferative disease, characterized by clonal
proliferation of malignantly transformed hematopoietic stem cells. The massive proliferation
of cells of the myeloid lineage is typical for this disorder. CML is characterized by
cytogenetic aberration known as the Philadelphia chromosome (Ph+), which arises as a result
of a reciprocal translocation (9; 22) (q34; g11 ). The outcome of this chromosomal aberration
is the formation of the bcr-abl fusion gene encoding Ber-Abl (P210°" Yy fusion protein
which plays a key role in leukemogenesis. Increasing understanding of the immunological
processes that accompany the development and progression of the disease has gradually
created conditions for employing immunotherapy in its treatment. For several reasons CML
seems to be a good candidate for immunotherapy (Vonka 2010). These include: (i) the slow
development of the disease, which provides sufficient time for an immunotherapeutic
approach, (ii) tumor cells circulate in the blood and lymphatic system, which ensures efficient
contacts between the tumor cells and the immune system, (iii) tumor cells carry specific Bcr-
Abl antigen, this protein induces the synthesis of other TAAs (tumor associated antigens) that
do not occur in normal adult cells, e.g. some cancer - testis antigens, and (iv) a highly
effective targeted therapy is available that reduces tumor burden, which implies that it also

reduces the production of immunosuppressive factors induced by the tumor.

Hypothesis and aims

The aim of our efforts is the development of a therapeutic vaccine against CML. In our
experiments we are using murine (BALB/c) cell lines B210 and 12B1 which were
transformed with the human bcr-abl fusion gene using retroviral vectors. Both induce
leukemia after i.v. administration, but 12B1 cells are approximately 100 times more
oncogenic than B210 and, in addition to leukemia, they also induce solid lymphoma-type
tumors after subcutaneous (s.c.) administration. Both lines also differ in the ability to elicit
immunity. B210 cells have the unique ability to protect mice against the challenge with
homologous cells; immunization effect is induced by s.c. administration of small amounts of

living cells. After challenge with 12B1 cells the immunity is much lower, although both cells
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produce approximately the same amount of P210°*' protein. Earlier studies in CML patients
showed that the P210""*' protein does not carry immunodominant epitopes, suggesting that
other proteins induced by the fusion protein in the leukemic cells are more important for
eliciting immunity. The aim of my study was to broaden the present knowledge of the
antigenic make-up of the two cell lines, which could contribute to the identification of
proteins responsible for a higher immunogenicity of B210 cells and for their different

oncogenic potential.

Attempts to enhance the therapeutic effect of vaccination with other interventions are
an integral part of our efforts. It is assumed that one of the most effective approaches will be
the suppression of angiogenesis, which is needed for invasive tumor growth and metastasis
formation. Endostatin (ES), the C-terminal proteolytic cleavage product of collagen XVIIlI, is
one of the substances with the potential to inhibit tumor angiogenesis and tumor growth. The
aim of my work was to determine the effect of ES production by tumor cells on their

oncogenic potential.

Many studies have presented an evidence that tumor (stromal) bone marrow
microenvironment influences the survival of leukemic cells. The presence of the CXCR4
receptor on the surface of tumor cells of lymphoid and myeloid lineage and the production of
the chemokine SDF-lo by stromal cells and endothelial cells in a state of hypoxia
significantly contribute to this. The binding of the SDF-1a ligand to CXCR4 receptor induces
chemotaxis of leukemic cells, enabling their migration into microscopic bone marrow niches.
SDF-1a/CXCR4 axis affects the PI3K/Akt and MAPK pathways in tumor cells, thereby
increasing their potential for survival and proliferation. The aim of our efforts was to create a
DNA vaccine directed against SDF-1a. We hoped that eliciting an immune response against

this chemokine would enhance the effectiveness of specific anticancer vaccines.

Project 1: Identification of TAA in the murine B210 and 12B1 cells

Project 2: The preparation and testing of an experimental vaccine from cells genetically

modified to express ES
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Project 3: Attempts to induce immunity against SDF-1a

This work was supported by grant projects IGA NS MZCR 10634-3/2009 and MZOUHKT
2005

Materials and Methods

Cell lines

In most experiments, murine cell lines B210 and 12B1 were used. These cells were
transformed with the bcr-abl fusion gene. In some experiments, HUVEC (human umbilical-
vein endothelial cells, Cascade Biologics, UK), TE-2, HelLa, K562, HL60 and 293T cells

were used as controls.
Plasmids

The following plasmids were used: pBLAST49-mEndo, pBSC/SDF-1a and pTR-UF2.
Cell transduction

Cell lines have been genetically modified using electroporation and calcium-phosphate

precipitation.
Western Blotting

The presences of proteins were monitored either in cell lysates or in concentrated
tissue culture media. After blocking, the PVDF membrane was incubated with the appropriate
primary antibody for 60 min. at room temperature and then at 4 ° C overnight. The next day
the membrane was incubated with secondary IgG antibody labeled with HRP (horseradish
peroxidase). The reactions were visualized using the ECL Plus Western Blotting Detection
System (GE Heatlth Biosciences, PA, USA).

Kinexus protein arrays

Kinex™ Antibody Microarray Services (Kinexus, CA) was used for monitoring the

expression of 800 cell signaling proteins in lysates of B210 and 12B1 cells. The system
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targets 193 protein kinases, 24 protein phosphatases and 150 regulatory subunits of these
enzymes and other 433 signaling proteins that regulate cell proliferation, reaction to stress and
apoptosis. Attempts were made to verify a portion of the microarray results by WB multi-

blotting.
ELISA

To detect proteins in plasma of the experimental animals, commercial ELISA Kits

were used following the manufacturer’s instructions.
Animal experiment

In all experiments, female laboratory mice BALB/c aged 6-8 weeks (Charles Rivers)
with a standard diet, kept in conventional barns (Center for Experimental Biomodels,
1% Medical Faculty of Charles University) were used. All experiments were carried out in

accordance with the Guidelines for Animal Experimentation valid in the Czech Republic.
Gene Gun

Gene gun method is based on biobalistic shot of DNA particles bound to gold. Under
the pressure of helium (400 psi) shots containing 1pug DNA were administered into the skin of

the abdominal area of the experimental animals.

Results

Project 1: Identification of TAAs in the murine B210 and 12B1 cells

By means of the Antibody Microarray System (Kinexus) significant differences
between the 12B1 and B210 in the expression of signalling proteins were detected in the total
of 31 instances. Most marked differences were the increased expression of integrin 1 in
12B1 cells and caspase proteins (CASP6, CASP7) in B210 cells. Lysates of 12B1 cells
exhibited increased reactivity with Vrkl, STK33, PKM2, IRAK3, Tlkl, MARK, Btk, FAK,
IKK, ZAP70, JNK2/3 antibodies. In the case of B210 cell lysates increased reactivity with
CASP2, CAMK2p, p38aMAPK, p38y MAPK CAMK?2y, Hsp27, CAMKK, mTOR, CASPS,
Hsp90 Hsp90p, Histone H2A.X, CAMK4, Hsp90a, Erk2, Erb2 (Her2) antibodies was

observed. The presence of a portion of the respective proteins was monitored by WB.
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Increased production of integrin 1 and CAMK4 was detected in 12B1 cells, and caspases,
MAPKPp38, Erk2 Histone H2A.X, Hsp90 in B210 cells.

In additional WB experiments performed in our laboratory | detected strong
expressions of ADRP (adipophilin), ARK-1 and Bcl-x, proteins in both B210 and 12B1 cells,
while CML66, Hsp70 and PD1 were produced at a much lower rate without marked
differences among the two cells. Further experiments indicated that CAIX was expressed
more effectively in 12B1 than in B210 cells. On the other hand, the production of Nm23-H2
and SPAG9 was higher in B210 cells. TERT, Pr-3, Wt-1, cathepsin G, survivin and PRAME-

like 1 were not detected in cell lysates of either cells.

Project 2: Preparation and testing of an experimental vaccine from cells genetically

modified to express ES

B210 cell line was used. After transfection with the bicistronic plasmid carrying the
genes for mouse ES and for resistance to blasticidine, cells were cultivated in the presence of
blasticidine. From the population of the transduced cells I isolated 10 cell clones. For
subsequent tests | selected two of these clones, one with the highest and one with the lowest
production of ES. To demonstrate that the ES produced by the transduced cells was
biologically active, its inhibitory activity on the proliferation of HUVEC cells was
demonstrated. To determine the oncogenic potential of the ES-producing cells, mice were
inoculated intravenously with the parental and the ES-producing cells. The results were quite
surprising. Leukemogenic potential of transduced cells was indeed reduced, but almost half of
the experimental animals inoculated with 10° cells developed solid tumors. Tumors were well
vascularized without signs of necrosis. From several tumors, cell lines were isolated which

produced ES demonstrable in cell lysates by WB.
Project 3: Attempts to induce immunity against SDF-1a.

This project was a continuation of the work started in our laboratory by V. Lucansky.
The original purpose of his experiments was to induce an immune response against SDF-1a.
The inoculation of the appropriate plasmid failed to induce an immune response against SDF-
lo. However, in the inoculated animals the oncogenic potential of 12B1 cells used for
challenge was changed. | tried to explain why the administration of a plasmid containing the

gene for SDF-1a resulted in the suppression of solid tumors and increased leukemogenesis.
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The lysates of 12B1 cells and the lysates obtained from the subcutaneous tumors and
from cultures derived from them contained substantial amounts of CXCR4. | demonstrated
the presence of CXCR4 in both the cytosolic and nuclear fractions of 12B1 cells. HIF-1a was
also detected in the lysates of 12B1 cells. I tested both the culture media and the cell lysates
of 12B1 in ELISA and by WB, respectively, for the presence of SDF-1a. SDF-1a was not
detected in either of these preparations using two different antibody systems. In contrast, the
high level of the circulated chemokine was detected in samples of plasma of the solid tumor

bearing animals.

Discussion

Project 1: Identification of TAAs in the murine B210 and 12B1 cells

The aim of my present study was to examine the protein expression in two mice bcr-
abl-transformed B210 and 12B1 cell lines used in our previous experiments in our laboratory
(Sobotkova et al. 2005; Lucansky et al. 2009; Petrackova et al. 2010). | wanted to broaden the
present knowledge on the TAAs expression pattern and cell signaling protein presence in the
ber-abl-transformed cells, with the hope that the results obtained will contribute to our
understanding of the different behaviour of B210 and 12B1 cells in vivo. The study consisted
of two phases. In the first one, | made use of the offer of the Kinexus company to test the
lysates of B210 and 12B1 cells for the presence of 800 proteins involved in the cell growth
cycle. In the second one, | tried to detect the murine analogues of proteins known to be

produced by human CML cells, in the lysates of these two cells.

To determine the contents of signaling proteins in the lysates of the 12B1 and B210
cells Antibody Microarray Analysis kit was employed. Significant differences were revealed
in the case of 31 proteins. However, when using the more reliable WB, increased expression
in 12B1 cells was demonstrated only in the case of two proteins, namely integrin f1 and
CAMK4, and in B210 cells in the case of 7 proteins, namely PKM2, MAPK (isoforms p38a
and p38y), Hsp90, Erk2, CASP5 and CASP7. The differences between the results of the two
tests may be associated with either the higher sensitivity of the antibody microarray, or with
the fact that this test monitors native proteins or with the possibility that it frequently provides
falsely positive data. In 12B1 cells an increased production of integrin 1 was revealed in
both the microarray test and WB This integrin mediates the interaction with fibronectin.
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Its role in the properties of the cell lines tested is not well understood at this writing. The
analysis is complicated by the previous observation that Bcr-Abl protein influences the
adhesivity of cells to fibronectin (Barnes et al. 2005). It is also possible that other molecules
expressed on the surface of the cells due to their different differentiation state, might be
involved. The increased production of CAMK4 protein in 12B1 makes more sense. The
enzyme is a multifunctional protein-kinase which is considered to be a part of the pathway
leading to the activation of signaling antiapoptotic pathways. The fact that it is more
efficiently produced by 12B1 cells makes it likely that it plays some role in their high
oncogenic potential.

As already mentioned, some other proteins are more effectively produced by B210
cells than by 12B1 cells. Protein Hsp90 has been observed to be a P210""® binding protein
(Nimmanapalli et al. 2001). The amounts of the protein are only moderately higher in B210
cells than in 12B1 cells and one can hardly imagine that they played any role in the
oncogenicity of the cells examined. Other proteins found to be increased in B210 cells belong
to the MAPK family. The expression of p38aMAPK was increased by about 65% in B210
cells and p38yMAPK was only detected in these cells but not in 12B1 cells. It has been shown
that these proteins induce senescence (Kwong et al. 2009), reduce cell proliferation and
contribute to apoptosis. Therefore, | assume that their expression may be associated with the
lower oncogenic potential of B210 cells. Also CASP 7 and CASP 6 proteins were markedly
more produced by B210 cells than by 12B1 cells. Because of their role in cell biology, it
seems likely that they are - at least partially- responsible for the lower oncogenic potential of
the B210 cells and, possibly, they also contribute to their increased immunogenicity. The

small difference in the productions of other proteins is difficult to interpret.

Both cell lines were examined for the presence of several TAAs which had been
demonstrated in CML cells. There were no significant differences between the expression of
the proteins tested, except of Nm23-H2, CAIX and SPAG9. It is assumed that the production
of all of them is associated with the Bcr-Abl protein activity. CAIX, a membrane protein that
is a member of the carboanhydrase family (Zavadova and Zavada 2005) was overexpressed in
lysates of 12B1 cells. This catalytically active enzyme is associated with hypoxia
accompanying cancer growth. Growth factors, genome instability, cell-cell adhesion and
tumour metastasis occur in the presence of acidic microenvironment (Stubbs et al. 2000). The

present finding may suggest that the increased production of CAIX is involved in the
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increased oncogenic potential of 12B1 cells and in their capability of inducing solid tumors.
As far as | am aware the detection of CAIX in our cells is the first demonstration of its
presence in the mouse B cell family. The increased production of Nm23-H2 and SPAG9
might be involved in both the decreased oncogenicity and immunogenicity of the B210 cells
(Suri et al. 2012; Smahel 2011).

Surprisingly, TERT, cathepsin G, Pr-3, PRAME-likel, survivin and Wt-1, known to

be produced by human CML cells, were not detected in either cell line.

Project 2: The preparation and testing of a vaccine from cells genetically modified to
express ES

In the present series of experiments | used B210 cells, which are capable of inducing
leukemia after intravenous inoculation into syngeneic animals. The transduced cells
expressing ES were isolated in medium supplemented with blasticidine. For further
experiments two clones were selected, one with high and one with a relatively low production
of ES, to monitor the possible influence of the quantity of the ES produced on the behavior of
the transduced cells in vivo. The results obtained when we tested the oncogenic potential of
the ES-producing cells were quite surprising. When compared with the parental cells, the
transduced cells were partially attenuated. While all mice inoculated with 10° parental B210
cells succumbed to leukemia before day 20 after inoculation, some animals inoculated with
the same dose of the transduced cells survived this critical period. However, after day 30 they
started to develop multiple rapidly growing intrathoracic, intraabdominal and subcutaneous
solid tumors. Their cells produced ES in situ and cell lines derived from them also produced
ES, this proving beyond reasonable doubt that the capability of the transduced cells to induce
solid tumors was not due to the loss or silencing of the transgene. In spite of the production of
ES, the tumors were well vascularized without any detectable signs of necrosis. It should be
recalled that increased expression of pro-angiogenic factors in bcr-abl positive cells has been
reported (Sillaber et al. 2004), thus these cells might be well equipped to resist the effects of
ES or similar substances. It is also possible that the vasculature network in the present system
was composed of dedifferentiated tumor cells which transdifferentiated into cells expressing

endothelial cell markers. This phenomenon known as vasculogenic mimicry (Maniotis et al.
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1999; Hillen and Griffioen 2007) has been reported to be resistant to ES (van der Schaft et al.
2004).

Project 3: Attempts to induce immunity against SDF-1a

The original purpose of this study was to induce an immune response against SDF-1a.
However, with the methods used neither humoral nor cell-mediated immune responses against
SDF-1 were detected. Yet, some interesting effects of administering the pBSC/SDF-1la
plasmid were apparent. These concerned the oncogenic potential of bcr-abl-transformed
12B1 cells.

Administering the SDF-la expressing plasmid simultaneously with specific
vaccination against these cells resulted in a somewhat increased survival among vaccinated
mice, but the difference was not statistically significant. However, when only the
development of solid tumors was taken into consideration, the situation was different; their
occurrence was significantly decreased. In parallel, SDF-1a plasmid administration resulted

in a significant enhancement of the leukemogenic potential of 12B1 cells.

| can only speculate about the mechanisms that might be involved. The results
obtained in this study were definitely associated with the nature of the cells used. 12B1 cells
are of pre-B origin they express the Bcr-Abl protein and produce substantial amounts of
CXCR4 and HIF-1a. This transcription factor is known to upregulate CXCR4 expression
(Cronin et al. 2010) and has been shown to be required for the survival of leukemic stem cells
in a mouse CML model (Zhang et al. 2012). The role of the SDF-1a chemokine in patients
with leukemia has been most frequently discussed in association with the SDF-10/CXCR4
axis (Kittang et al. 2010). It has been assumed that SDF-1a interactions with CXCR4 are
crucial for leukemic stem cell adhesion to stromal cells, which would enable their self-

renewal, proliferation, and differentiation arrest.

| assume that the SDF-1a that was formed accelerated the migration of the12B1 cells
to extramedullar niches where the proliferation of leukemic cells occurred. The rapid
migration of these cells from the site of inoculation, if this really occurred, reduced the
number of cells that were capable of inducing subcutaneous tumors, thereby leading to a

delay in their appearance or even to reducing the number of the remaining cells below the
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tumor-inducing dose. These events might also be associated with the decreased adhesion of
tumor cells to stromal cells, which would reduce the capability of the 12B1 cells to induce

solid tumors.

In addition, other factors might have been involved. SDF-1o has multiple other
functions, some of which might act in concert with the phenomena observed. Chemokines are
not isolated entities, but act in complex networks with other signaling systems. Moreover, it is
impossible to neglect the Ber-Abl protein in the cells used in the present experiments. As
already noted, this protein is known to influence the functionality of the SDF-10/CXCR4 axis.
It has also been shown that a number of other factors, such as prostaglandin E, hyaluronic
acid, fibrinogen, cleavage of the C3 component of complement, and others, prime or enhance
the responsiveness of cells to SDF-1a (Ratajczak et al. 2013).

Conclusions

Project 1: Proteomic analysis broadened the knowledge of the antigenic make-ups of the bcr-
abl-positive murine cell lines B210 and 12B1. Differences were detected in the production of
several signaling proteins and TAAs. The obtained results allow us -at least in part- to
understand the differences in the biological behavior of the cells tested and provide leads for

further research.

Project 2: Two cell sublines with varying production of biologically active ES were isolated
from the parental B210 cells. Oncogenic potential of producing ES cells was reduced and
animals which did not die of leukemia within three weeks after inoculation developed well
vascularized intraabdominal, intrathoracic, and subcutaneous tumors later on. The changed

oncogenic potential was not accompanied with the loss of ES production.

Project 3: Administration of a plasmid carrying SDF-la gene did not induce immune
reactions against this chemokine but resulted in a change of oncogenic potential of the 12B1
cells used for the challenge. In the subsequent analysis the production of the transcription
factor HIF-1a and the CXCR4 protein, which is a receptor for SDF-1a, was revealed in the
12B1 cells. The chemokine was not detected in 12B1 cells either by WB or in ELISA. In the
plasma of tumor-bearing animals high levels of SDF-1a were demonstrated. Based on these
observations, it is hypothesized that the change of oncogenic potential was associated with the

interaction between the chemokine and CXCR4 expressed on the surface of the 12B1 cells.
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