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Seznam zkratek

n-becr mikro break cluster region

Abl Abelson murine leukemia viral oncogene homolog
ADO34 antigen vznikly posunovou mutaci

Adph gen pro adipose differentiation-related protein
ADRP adipose differentiation-related protein

AKT akt murine thymoma viral oncogene homolog
ALL akutni lymfoblasticka leukemie

AMVL akutni myeloidni leukemie

ARK-1 aurora-4 kindza

ATP adenosin trifosfdt

BAD Bcl-2-associated death promoter

Bcl-2 B-cell CLL/lymphoma 2

Bcl-x. B-cell lymphoma-extra large

Bcr breakpoint cluster region

BFGF basic fibroblast growth factor

BIR Baculovirus Inhibitor of apoptosis protein Repeat
Btk Bruton's agammaglobulinemia tyrosin kindza

C/EBPa CCAAT (cytidin-cytidin-adenosin-adenosin-tymidin)-enhancer-binding protein
alpha

CAF carcinoma associated fibroblast(y)

CAIX carbonic anhydrasa 1X

CAMKZ2p calcium/calmodulin-dependentni protein-serin kindza 2 beta
CAMKZ2y calcium/calmodulin-dependentni protein-serin kindza 2 gamma
CaMK4 calcium/calmodulin-dependentri protein-serin kindza 4

CaMKK (CaMKK?2) calcium/calmodulin-dependentni protein-serin kindza



CAR chimericky receptor pro antigen

CASP2 pro-kaspdza 2 (ICHL1 protease)

CASP5 kaspdza 5 (ICH3 protease, ICE(rel)-111)

CASP6 pro-kaspdza 6 (apoptotic protease Mch2)

CASPT7 pro-kaspdza 7 (ICE-like apoptotic protease 3 (ICE-LAP3), Mch3)
CBF C-repeat Binding Faktor

CD40L CD40 ligand

CDKI p21 "ot cyklin-dependentni kindzovy inhibitor

CDX2 homeobox protein CDX-2

C-Kit v-kit Hardy-Zuckerman 4 feline sarcoma viral onocgene homolog
CML chronicka myeloidni leukemie

CML.28 chronic myeloid leukaemia 28 antigen

CML66 chronic myeloid leukaemia 66 antigen

c-Myb v-myb avian myeloblastosis viral oncogene homolog

c-Myc v-myc myelocytomatosis viral oncogene homolog

CTL cytotoxicky lymfocyt

CXCL12 chemokine (C-X-C motif) ligand 12

CXCR4 chemokine (C-X-C motif) receptor 4

CXCRY7 chemokine (C-X-C motif) receptor 4

DB dendritické burnky

DH/PH — doména Dbl (diffuse B-cell lymphoma )homology/ pleckstrin homology
Dnmt3B DNA (cytosine-5-)-methyltransferase 3 beta

EBNA Epstein—Barr virus nuclear-antigen

ECM extracelularni matrix

ela2 elastase 2

elane elastase, neutrophil expressed



elF-4 gamma E74-like factor 4 gamma

ELN European Leukemia NET

ERas embryonic stem cell-expressed Ras

ERK extracellular regulated protein-serin kindza

Erk2 extracellular regulated protein-serin kindaza 2 (p42 MAP kinase)
ES endostatin

ETV6 ets variant 6

FAK focal adhesion protein-tyrosin kindza

FasL Fas ligand

FCS fetal calf serum

FISH fluorescentni in situ hybridizace

FOXO forkhead O

GATA3 GATA binding protein 3

G-CSF granulocyte colony-stimulating faktor

GLI GLI family zinc finger

GM-CSF granulocyte-macrophage colony-stimulating faktor
GRB2 growth factor receptor-bound protein 2

GSK3 glykogen synthase kindza 3 beta

HER-2/neu v-erb-b2 erythroblastic leukemia viral oncogene homolog 2,
neuro/glioblastoma derived oncogene homolog (avian)

Hh hedhehog

HIF-1a hypoxia inducible faktor /a

HIF-2 hypoxia-inducible protein 2

Histone H2A.X histone H2A varianta X

HLA histokompatibilni systém (Human Leucocyte Antigen)
HRP — horseradish peroxidase

HSC hematopoietic stem cells



Hsp27 heat shock 27 kDa protein

Hsp70 heat shock protein 70

Hsp90 heat shock 90 kDa protein alpha/beta
HUVEC human umbicilical-vein cells

I.V. intravenozni

VAP inhibitor/inhibitory apoptozy

IFN-a interferon alpha

IFN-y interferon gamma

19G imunoglobulin G

IKKa inhibitor of NF-kappa-B protein-serin kindza alpha (CHUK)
IL-1a interleukin 1 alpha

IL-2 interleukin 2

IL-6 interleukin 6

IL-8 interleukin 8

IRAKS3 interleukin 1 receptor-associated kindza 3
ITK inhibitor(y) tyrosin-kindzy

JAK Janus family kindaza

JNK Jun N-terminus protein-serin kindza

KIf4 Kruppel-like factor 4

LAA leukemia asociovany antigen (antigeny)
LDsq letalni davka 50

LSGS Low Serum Growth Supplement

LRR leucin rich repeat

MAPK mitogen activated kindza

MARK MAP/microtubule affinity-regulating protein-serin kindza 1

m-bcr minor breakpoint cluster region



M-bcr major breakpoint cluster region

MCP-1 monocyte chemotactic protein-1

MDI-1 mitochondrial division inhibitor-1

MEK1/2 MAP2K1/2 mitogen-activated protein kindza 1/2
MHC major histocompatibility complex

MMP-1 matrix metalloproteindza-1

MRNA messenger RNA

mTOR mammalian target of rapamycin-serine-threonin kindza

MTS 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulphophenyl)-2H-
tetrazolium)

Nanog transkripcni faktor pojmenovan podle staré keltské legendy Tir na nOg, zemé
vécného mladi

NDP nukleosid difosdat

NE neutrofilni elastdiza

NETSs neutrophil extracellular traps

NK-kB nuclear factor kappa-light-chain-enhancer of activated B cells
Nm23 non-metastasis protein 23

NY-CO-38 antigen

Oct4 octamer-binding transcription factor 4

p38a MAPK mitogen-activated protein-serin kindza p38 alpha

p38y MAPK (Erk6) mitogen-activated protein-serine kindza p38 gamma (MAPK12)
PAMP pathogen associated molecular particles

PAT - doména spolecna pro Perilipin, ADRP, a TIP47

PBMC peripheral blood mononucleated cell

PG proteoglykan

PDGFR platelet derived growth factor receptor

Ph+ Filadelfsky chromozom

11



PI3K phosphatidylinositol-3 kindza

PinX1 PIN2/TERF1 interacting, telomerase inhibitor 1
PKM2 pyruvdt kindza, isozymes M1/M2

PLIN perilipin

Pr-3 proteindaza 3

PRAME preferentially expressed antigen in melanoma
prtn3 gen pro proteindzu 3

PTCH receptor Patched

PU.1 transkripcni faktor

PuF Pumilio-fem-3 mRNA binding factor

PVDF polyvinylidene fluorid

PVP polyvinylpyrrolidone

RAF v-raf-1 murine leukemia viral oncogene homolog
RAR retinoic acid receptor

RAS Rat sarcoma

RHAMM receptor for hyaluronic acid mediated motility
RT-Q-PCR Real Time Quantitative Polymerase Chain Reaction
S.C. subkutanni

SCP-1 synaptonemal complex protein 1

SDF-1a stromal derived factor-/a

SEREX serologicky screening exprese CDNA

SKP2 S-phase kinase-associated protein 2

SMO smoothened

SOS son of sevenless

SOX sex determining region Y-box

Sp1 specificity protein 1
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Src v-src avian sarcoma (Schmidt-Ruppin A-2) viral oncogene homolog
STAT signal transducer and transcription activator
STK33 FLJ35932 protein-serin kindza

TAA tumor asociovany antigen (antigeny)

TEL synonymum pro ETV6 (ets variant 6)

TERT telomerdza reverzni transkriptaza

TIDsg tumor indukujici davka 50

TIPAT protein perilipinové proteinové rodiny

TKA tyrosin-kindzova aktivita

TIk1 tousled-like protein-serin kindza 1

TNF-a tumor necrosis factor alpha

TORCI1 target of rapamycin complex 1

TORCS2 target of rapamycin complex 2

TP-1 telomerazovy protein 1

TPX2 targeting protein for Xklp2

TRAIL tumour necrosis factor related apoptosis-inducing ligand
VEGF vascular endothelial growth factor

VEGFR vascular endothelial growth factor receptor
VEGFR-2 vascular endothelial growth factor receptor 2
Vrk1 vaccinia related protein-serin kindza 1

WB western blotting

WNT wingless-type MMTYV integration site family member
Wt-1 Wilms tumor-1

ZAP70 zeta-chain (TCR) associated protein-tyrosin kindza, 70 kDa
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Uvod

V soucasnosti patii chronicka myeloidni leukémie (CML) mezi onkologicka
onemocnéni, ktera jsou nejlépe prostudovana na molekularni trovni. Jeji vznik tésné
souvisi S translokaci mezi chromozomy 9 a 22, ktera vede ke vzniku fizniho genu
bcr-abl, ktery koduje fazni protein Ber-Abl (viz dale). Genova modifikace vede
k nezadoucimu zvySeni aktivity tyrosin-kinazy (TK) koédované genem abl. Po
zavedeni 1é¢by imatinib mesylatem a dalSimi inhibitory tyrosin-kinazy (ITK) Abl,
které jsou oznac¢ované jako ITK druhé generace, se vyrazn¢ zlepsila kvalita Zivota 1
délka pieziti pacientd trpicich CML. Soucasna farmakolécba vsak pouze zastavuje
priib&h nemoci a snad jen vyjimecné ji vylé¢i. Jednim z hlavnich divodi je, Ze se
nadorové bunky nechovaji pfi 1€cbé pasivné. Velmi €asto dochézi k mutacim, které
maji za nasledek selekci bunééného klonu, ktery je k uzité farmakoterapii
rezistentni, ¢i k amplifikaci fuzniho genu bcr-abl. Moderni farmakoterapie zalozena
na ITK téZ neni sto zasdhnout nadorové kmenové bunky, které se stavaji pii
preruseni 1é¢by zdrojem relapsu nemoci. Jedinou moznosti vyléceni CML
Vv soucasné dobé¢ je transplantace allogennich hematopoetickych kmenovych bunék.
Nevyhodami tohoto 1é¢ebného postupu jsou maly pocet vhodnych darct a také
vysoka morbidita a mortalita u nemocnych piijemcu.

V soucasné dobé¢ je rozsiteno presvédceni, Ze problémy s lé€bou nemoci vyiesi
imunoterapie, ktera by se mohla stat vhodnym doplitkem , klasické 1é¢by. Usp&sna
imunoterapie by krom toho podstatné sniZila naklady na jednoho 1é¢eného pacienta,
podle nékterych odhadli asi na 1/3 soucasné ceny, podle jinych dokonce
n¢kolikanasobné vice.

Cilem snazeni védeckého kolektivu, jehoz jsem ¢lenkou, je vyvoj a provérka
terapeutickych vakcin proti CML. Mym tkolem bylo fesit nékteré dil¢i problémy
souvisejici s vyvojem vakcin. K modelovému studiu imunologie a biologie bunék
transformovanych lidskym fuznim genem bcr-abl vyuzivame mysich (BALB/c)
bunéénych linii B210 a 12B1. Ty byly transformovany fiznim genem pomoci
pfislusné upravenych retrovirovych vektori. Nedilnou soucdsti naSeho usili je

nalezeni zpisobu, jak posilit terapeuticky uc¢inek vakcinace dal$imi intervencemi.
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Predkladana dizertaéni prace popisuje tfi dil¢i projekty, jejichz feSenim jsem
byla povétena. Prvni je zaméfen na proteomovou analyzu zminénych mysich
bunéénych linii s cilem vysvétlit jejich rozliéné chovani in vitro a in vivo. Druha
cast prace shrnuje mé poznatky pii vyvoji bunécné vakciny zaméiené proti
neoangiogenezi u CML a pfi jejim testovani in vitro a in vivo. Tretim projektem byl
pokus vyvolat pomoci DNA vakciny imunitu proti chemokinu SDF-1a, ktery hraje
dalezitou roli v patogenezi leukemii. Provedené studie pfinesly fadu necekanych

pozorovani, které jsem se pokusila vysvétlit.
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Cile prace:

Projekt 1: Identifikace TAA (tumor asociovanych antigen) Vv buiitkach mySich
bunéénych linii B210 a 12B1, které byly transformovany fiznim genem bcr-abl a

produkuji protein Ber-Abl.

Projekt 2: Priprava a vyzkouseni vakciny z bunék geneticky modifikovanych tak,
aby exprimovaly mysi gen pro endostatin, jednomu z produktt, které tlumi

angiogenezi, bez niz neni mozny rist nadoru a jejich metastazovani.

Projekt 3: Vyvolani imunity proti SDF-1a, jednomu z chemokinu, které podporuji

rust nadora.

Tato prace vznikla za podpory grantovych projektt MZCR IGA NS 10634-3/2009 a
MZOUHKT 2005.
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Literarni prehled

Chronicka myeloidni leukémie (CML)

Obecna charakteristika

Chronickd myeloidni leukémie patii mezi myeloproliferativni onemocnéni,
charakterizované klonalni proliferaci malign¢ transformované hematopoetické kmenové
bunky. Typickd je masivni proliferace bunck myeloidni fady s pfevahou postiZeni
granulopoezy. Pro CML je typicka cytogeneticka odchylka oznacovana jako Filadelfsky
chromozom (Ph+), ktery vznika v disledku reciproké translokace (9;22) (g34; g11l).
Vysledkem chromozomové aberace je vznik fuzniho genu bcr-abl kodujiciho fuzni
protein Bcr-Abl, ktery hraje klicovou roli v leukemogenezi. Kromé myeloidni fady

muze byt postizena stejnym mechanismem také fada lymfoidni.

Epidemiologie CML

Incidence CML v populaci je 1-2 / 100 000 obyvatel, tvofi asi 15 % z celkového
poctu nemocnych s leukemii (Faderl et al. 1999). Etiologie nemoci neni dosud znama.
Jednou z pfi¢in vzniku nemoci je ionizujici zateni (Holmberg 1992), coz potvrzuje
zvySeny vyskyt CML (i) u osob piezivSich svrzeni atomovych bomb na HiroSimu a
Nagasaki, (ii) u pracovniki, ktefi se podileli na likvidaci jaderné Kkatastrofy
v Cernobylu, a (iii) u zdravotnikil, ktefi jsou profesiondlné vystaveni ionizujicimu
zafeni. Téz expozice k benzenu u pracovnikll v chemickém primyslu je rizikovym

faktorem pro vznik nemoci (VIaanderen et al. 2012).

Molekularni podstata CML

Pro nemoc je charakteristicky vznik zkraceného chromozomu 22 (oznacovaného
jako Filadelfsky chromozom, Ph+) a vznik hybridniho fazniho genu bcr-abl, ktery je
dusledkem vzniku reciproké translokace t(9;22). Onkogen bcr-abl ma vysoce zvysenou
TKA. Ta aktivuje drahy, které podporuji bunéénou proliferaci. Zminéna translokace je
detekovatelna u 95% vsech pacientd. Stejnou cytogenetickou odchylku lze pozorovat u
détskych pacienti s ALL (5 %), dospélych s ALL (15-20 %) a u pacientt s AML v
pocatecnich fazich nemoci (2 %) (Kurzrock et al. 1988; Specchia et al. 1995).
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Fuzni gen bcr-abl, zn¢hoz je prepisovana hybridni fuzni mRNA, vznika
spojenim 3’segmentu genu abl  chromosomu 9q34 a 5’segmentu genu bcr
chromozomu 22qg11n. Na genu bcr dochazi ke zlomim na téech riznych mistech, v m-
ber (minor breakpoint cluster region) (el), M-bcr (major ber) (b2, b3) a p-ber (mikro
bcr) (€19). Zlomy v genu abl jsou u vétsiny piipadi pred exonem a2. Podle toho, kde
dochazi k zlomiim genu bcr vznikaji rizné dlouhé chimerni mRNA (ela2, b2a2, b3a2 a
e19a2). Odpovidajici t¥i chimerni proteinové produkty se oznacuji jako P190°" ! p210
ber-abl 5 p230 P! Schématické znazoméni vzniku viech ti proteinovych produktd je

znazornéno v Obr.1.

Nejcastéjsi variantou U pacienti S CML jsou transkripty b2a2 a b3a2, které jsou

piekladany jako P210 ",

Piblizné¢ u 5 % pacientll se objevuji oba transkripty
soucasné (Melo 1996). Typ transkriptu nema zadny vliv na pribéh nemoci ani na
odpovéd na 16¢bu (Shepherd et al. 1995). Protein P190°"®' (transkript ela2) se
objevuje u CML pacientti velmi ztidka, byl detekovan piedevsim u pacienti s Ph+ ALL
(Faderl et al. 1999). Transkript e19a2 (P230°*") je spojovan se vznikem chronické

neutrofilni leukemie a trombocytozy (Pane et al. 1996; Melo et al. 1994).

Kromé fazniho genu bcr-abl vznika také reciproéné gen abl-ber. V ptipadé
vzniku M-bcr, vznikly fazni gen abl-bcr koduje protein Abl-Ber o velikosti 40 kDa
(P40 \/ piipadé vzniku m-ber , gen abl-bcr koduje fuzni protein o velikosti 96
kDa (P96%""°"). Transkript genu abl-bcr byl detekovan u 65 % pacienti s CML (Melo
et al. 1993). Biologie proteini P40*™™" a P96™"™" neni dosud zcela prostudovana.

6bcr—ab|

Velmi vyznamnou roli u fazniho proteinu P9 pravdépodobné hraje onkogenni

doména DH/PH (Whitehead I, Biochim Biophys Acta, 1332, F1-23). I pies absenci této

Oabl-bcr

domény u P4 , Oba fuzni produkty Abl/Bcr jsou fazeny mezi onkogeny. Soudi se,

ze prispivaji k vyvoji leukemickému fenotypu (Zheng et al. 2009).
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Obr.1: Schématické zndzornéni vzniku 3 variant fiiznich proteinit Ber-Abl. A) Dvojice

obrazkii zndazornuje proteiny Ber a Abl, které vznikaji za fyziologickych podminek. B)

Vznik chimernich proteinovych produktii fiizniho genu ber-abl (Kurzrock et al. 2003).

Signalni kaskady u CML

Protein Bcr-Abl zasahuje do celé fady signalnich drah. Jeho interakce

s cytoplazmatickymi proteiny vede k naruseni kli¢ovych bunéénych signalnich kaskad a

vyznamné prispiva k bunécné leukemogenezi. Kli¢ovou roli hraji dvé domény fuzniho

proteinu, a to oligomerni doména na N-konci proteinu a motiv Tyr 177. Spiralné

~rwv

stocena oligomerni doména odpovida za dimerizaci, zkiizenou (cross) fosforylaci a

aktivaci fuzniho proteinu. Tim stimuluje bunééné signalni drahy (Ahmed and Van Etten

2013). Doména Tyr 177 je vazebnym proteinem pro adaptorovy protein GRB2

(Pendergast et al. 1993). Ten po interakci s autofosforylovanou Tyrl177 doménou
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aktivuje drahu phosphatidylinositol-3 kinazy (PI3K) (Sattler et al. 2002), ktera piispiva

k leukemickému fenotypu.
v Obr.2.
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Obr.2: Signalni drdahy aktivované proteinem Bcr-Abl u CML. (O'Hare et al. 2011).

Signalni draha PI3K/AKT/mTOR
Protein Bcr-Abl aktivuje drahu PI3K vazbou na protein GRB2. Nasledné

dochazi k nitrobunéénym pochodim, které brani apoptéze a podporuji proliferaci
bunék. Po aktivaci PI3BK/AKT (serin-threonin kinaza) dochazi k fosforylaci a inaktivaci
proapoptotického proteinu BAD, ktery se za fyziologickych podminek vaze na proteiny
Bcl-2 a Bcl-x.. Tim se zabranuje programované bunééné smrti. Aktivovana draha
PI3BK/AKT také inhibuje transkripéni faktor FOXO (forkhead O) a tim vyvolava
inhibici apoptoézy indukované TRAIL (tumour necrosis factor related apoptosis-
inducing ligand) (Ghaffari et al. 2003). mTOR (mammalian target of rapamycin, jde o

serin-threonin kinazu) hraje vyznamnou roli v kontrole bunécné proliferace a rastu.
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Obsahuje dvé katalytické podjednotky TORC1 a TORC2 pro dva protein-kinazové
komplexy. Ob¢ podjednotky podporuji proliferaci transformovanych bunék a jejich
prezivani (Mohi et al. 2004). Aktivaci mTOR a inhibici transkripéniho faktoru FOXO
dochazi k fosforylaci a degradaci proteinu P27 za tGcasti zvySené tvorby proteinu SKP2.
To se projevi zvySenim bunécné proliferace. Aktivovana draha PI3K/Akt/FOXO a
zvySena produkce mTOR také blokuje dulezité bunétné procesy, jakou je napf.

autofagie (Cilloni and Saglio 2012).

Signalni draha RAS/RAF/ MAP kinaza
Jak uz bylo zminéno, fosforylaci Tyr 177 dochazi k vazbé proteinu Bcr-Abl na

protein GRB2, ktery aktivuje signalni kaskadu RAS/RAF/MAPK. Po vazbé dochazi
k aktivaci efektorového proteinu SOS (Son of Sevenless) a preméné guanin-
dinukleotidu na aktivni guanin-trinukleotid. Bunétna kaskada pak dale ovliviiuje
fosforylacit MEK1/2 a MAPK, kterd vede k transkripci cilovych genli a abnormadlni
bunééné proliferaci. Jsou dukazy pro to, ze aktivaci drahy RAS/RAF/MAPK je
sekundarné také spusténa bunééna draha MEK/ERK (Deininger et al. 2000). ERK1/2
kaskada se aktivuje v bcr-abl-transformovanych bunkach a pravdépodobné je také

jednou z pficin vzniku rezistence na ITK imatinib (Janes et al. 2010).

Signalni draha JAK/STAT
U normalnich bun¢k dochazi k aktivaci drahy STAT vazbou cytokint a aktivaci

JAK2. U leukemickych bunék je signalni kaskada STAT aktivovdna nezavisle na JAK
ptimou vazbou domény STAT SH2 na fosforylované tyrosiny proteinu Ber-Abl (Cilloni
and Saglio 2012). Stejné jako zminéné signalni kaskady i aktivace této drahy vede ke
snizeni kontroly proliferace a k expanzi leukemickych bun¢k. Kromé toho je
pravdépodobné, ze JAK2 a jeho signalizace v bunkach kostni dfené pfispivaji ke

vzniku rezistence na ITK (Traer et al. 2012).

JAK?2 také ovliviiuje protoonkogen c-myc, ktery je zvySené exprimovan V
leukemickych burnikach v blastické fazi nemoci (Cilloni and Saglio 2012) a jako

transkrip¢ni faktor velmi vyrazné piispiva k progresi nemaoci.
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Hedgehog kaskada (Hh)

Signalni draha Hh se vyznamné uplatiiuje v embryonalnim vyvoji. Mutace
Vv této kaskadé byla popsana u mnohych onemocnéni (Jagani et al. 2010) vcetné
nadorovych. U leukemickych bunék hraje vyznamnou roli v transkripci geni
zodpovédnych za regulaci bunééného cyklu, proliferaci a piezivani. Za fyziologickych
podminek se Hh vadze ke svému receptoru Patched (PTCH) a inhibuje SMO
(Smoothened). U leukemickych bungk, byla pozorovana zvysena produkce SMO, ktery
ovlivituje transkripéni faktory proteinové rodiny GLI. Ty pak zasahuji do transkripce

gend pro proteiny Bcl-2, c-Myc a D-cyklini (Ahmed and Van Etten 2013).

WNT/p-Catenin

Signalni kaskdda WNT je ovlivnéna aktivaci B-cateninu a inaktivaci GSK3p.
Tento proces byl popsan jak u pacienti s CML v blastické krizi tak i U pacientli s ALL
(Khan et al. 2007). Jeho =zvySena aktivace byla detekovana v progenitorech
granulocytarnich makrofagi. WNT kaskada, u pacientt s CML ve fazi akcelerace a
Vv blastické krizi, zvySuje expresi gent pro c-MYC, cadherin, ROK13A, MDI-1 a dalsi
(Radich et al. 2006). Deregulace WNT signalni drahy vede k proliferaci, adhezi, migraci
a diferenciaci leukemickych HSC (Cilloni and Saglio 2012).

Stromalni mikroprostiedi kostni direné a signalni kaskady

Kromé vySe uvedenych bunéénych signalnich drah, ovlivituje Ber-Abl i dalsi
kaskady, které se stejné jako vysSe uvedené podileji na proliferaci a zvySené migraci
leukemickych bun¢k. K tomu pfispivaji i procesy odehravajici se vV mikroprostiedi
nadorovych bunék. Tedy nejen protein Bcr-Abl, ale také cytokiny a chemokiny
produkované stromalnimi bunkami aktivuji bunééné mechanismy, které vedou

k proliferaci a ptezivani bun¢k leukemického klonu.

Pribéh nemoci, diagnostika, sou¢asné a budouci moZnosti 1é¢by CML
Nemoc je diagnostikovdna pfevazné v rutinnich krevnich testech, protoze 30-
50 % pacientt je bez zjevnych klinickych symptomt. Pokud se pfiznaky objevi, jedna
se prevazné o anemii, splenomegalii, ztratu hmotnosti, no¢ni poty a pocity nevolnosti.
Pribéh CML je rozdélen dle klinického obrazu do 3 fazi: do faze chronické, faze
akcelerace a blastické krize. Jejich hlavni charakteristiky jsou v Tab. 1. Vétsina pacienttl
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je diagnostikovana v prib¢hu chronické faze. Pro hodnoceni zdvaznosti a prognézy
nemoci (nizké, stfedni, vysoké riziko) jsou v praxi vyuzivany 2 skorovaci systémy

Sokalovo skore (Sokal et al. 1984) a Hasfordovo skore (Hasford et al. 1998).

Tab. 1: Faze CML, parametry pro jednotlivé faze onemocnéni (Adam Z et al. 2008).

Chronicka faze Faze akcelerace Blasticka krize

Pocet leukocytu >20.10° /1 - -
Blasty 0% -5% >10% >30%
Bazofily zvysené >20% -
zvysené nebo
Trombocyty
normalni >
myeloidni
Kostni dien )
hyperplazie >
Cytogenetika Ph* >
Ber-Abl + + +

Diagndza je stanovovana na zakladé perzistujici vysoké leukocytozy a
pozitivnim testem na Ph+. Pro detekci Ph+ jsou pouzity rutinni cytogenetické testy nebo
FISH (fluorescen¢ni in situ hybridizace). Dalsi metodou pro detekci ptitomnosti fuzniho
genu bcr-abl je RT-Q-PCR (Real Time Quantitative Polymerase Chain Reaction).
Vysledek reflektuje podil nemocnych bunék v poméru k bunkam zdravym. RT-Q-PCR
se uziva k vyjadieni mnozstvi transkriptu bcr-abl v periferni krvi, a tim umoznuje

monitorovat rezidualni (zbytkovou) nemoc.

V soucasné dob¢ se k 1écbé CML pouziva ITK. V minulosti v prvnich fazich

1é¢by slouzily slouceniny arzenu, busulfan, hydroxyurea a IFN-a.

Prvnim ITK schvalenym pro 1écbu pacienti s CML byl imatinib mesylat,

komeréné Gleevec (Novartis Pharmaceutical Corporation, NJ, USA). Jde o kompetitivni
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inhibitor ATP-vazebnych mist nachazejicich se na proteinu Bcr-Abl. Mechanismem
jeho ucinku je inhibice fosforylace proteind, které se ucastni bunécné signalizace
indukované Bcr-Abl proteinem. Kromé TK proteinu Ber-Abl, imatinib blokuje také TK
proteint PGDFR a C-KIT (Druker and Lydon 2000). Ac¢koli imatinib velmi pozitivné
ovlivituje délku pieziti pacientt s CML, v klinické studii dosahlo 89 % pacientd pouze
5-ti lety interval sledovani (Druker et al. 2006). Z vyse uvedenych divodi u ¢asti

pacientt 1é¢ba imatinibem selhava. Tato zkuSenost podnitila vyvoj ITK 2. generace.

Dasatinib (Sprycel, Bristol-Myers Squibb) patii do skupiny ITK 2. generace.
V in vitro studiich byla prokazana Gc¢innost 350krat vy$$i neZ ma imatinib mesylat.
Kromé kompetitivni inhibice ATP-vazebnych mist na proteinu Bcr-Abl také oslabuje
kritické signalni drahy indukované Src kindazami (Jabbour and Kantarjian 2012).
Nilotinib (Tasigna, Novartis Pharmaceutical Corporation, NJ, USA) také patii do
ITK 2. generace. Jeho inhibiéni vlastnosti jsou 50krat vyss§i nez imatinibu (Weisberg et
al. 2005).

Imatinib je stale v pofadi prvnim farmaceutickym ptipravkem, ktery se podava
po potvrzeni diagnozy CML. Lécebné odpovédi jsou rozdéleny do tiech typu dle ELN
(European Leukemia NET). Jde o komplexni hematologickou odpovéd, tj. remisi;
cytogenetickou odpovéd, kdy je u pacienta detekovano snizeni poétu mitéz Ph+ bunék;
a molekularni odpovéd’, kdy u nemocného dojde k poklesu zastoupeni leukemickych
becr-abl pozitivnich bunék na méné nez 0,1 %. V piipadé, ze dojde k selhani 1écby
imatinibem, piechazi se na ITK 2. generace. Tyto 1éky mohou byt predepisovany pouze

Vv specializovanych centrech, které u nas ur¢uje Ministerstvo zdravotnictvi CR.

Znacnou nevyhodou ITK je vznik 1ékové rezistence. U imatinibu se jedna asi o
20 % z celkového poctu pacienti s CML, u kterych se rezistence uplatni do 5-ti let od
prvniho podani. U ITK 2. generace obdobné udaje vzhledem K relativné kratké dobé
klinického pouzivani nejsou zatim K dispozici. Rezistence na ITK vznika bodovymi
mutacemi v kinazové doméné bcr-abl. Nejdualezitéjsi je mutace T3151, oznaCovana také
jako gatekeeper. Pacienti, u nichz byla tato mutace detekovana, maji §patnou prognozu

a neni u nich G¢inny zadny ze zminénych ITK.

Ve stadiu zkousek jsou i dalsi 1é¢iva jako napt. ITK oznacovany jako ponatinib,

ktery by mohl byt nadé€ji pro pacienty s mutaci T315I, DCC-2036 — switch pocket
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inhibitor, ktery méni konformaci Bcr-Abl z aktivni formy na formu inaktivni, nebo
omacetaxin, ktery inhibuje syntézu proteini a indukuje apoptéozu (Jabbour and
Kantarjian 2012).

V piipadé slabé odpovédi pacientd na ITK nebo vzniku mutace je v soucasné
dobé jedinym léCebnym feSenim allogenni transplantace hematopoetickych bunék.
Nevyhodou této 1é¢by je maly okruh vhodnych darct, ale také vysoka morbidita a

mortalita pfijemct. Dal§im omezenim je také vék pacienta.

Se zvysenim povédomi o imunologickych procesech se nabizi feseni 1¢écby CML
pomoci imunoterapie. CML je pro ni vhodnym kandidatem z n€kolika divodu: (Vonka
2010). Jsou to (i) pomaly rozvoj nemoci, ktery dava dostatecny Casovy prostor pro
imunoterapeuticky piistup; (ii) nadorové bunky cirkuluji v krvi a lymfatickém systému
a tim jsou K imunitnim zasahiim vice pfistupné; (iii) nadorové buiky obsahuji
specificky antigen Bcr-Abl, ktery vyvolava syntézu dalSich TAA, které se vV normalnich
bunikach dospé€lého jedince nevyskytuji, jde napt. o nékteré cancer-testis antigeny. (iv)
Krom toho, a to je obzvlasté ptiznivy moment, existuje velmi ucinnd chemoterapie,
ktera redukuje nadorovou masu a tim 1 tvorbu nadorem produkovanych

imunosupresivnich faktort.

Experimentalni protinadorové vakciny u CML

Genova a bunécna terapie nabizi pro lécbu CML Siroké moZnosti. V Gvahu
prichazeji a uz se zkouseji peptidové vakciny. Byly publikovany vysledky nékolika
studii, v jejichz prubéhu se podafilo idetifikovat reaktivni epitopy na Bcr-Abl proteinu
(Greco et al. 1996; Nieda et al. 1998; Wagner et al. 2003) a byla provedena fada
klinickych studii (Cathcart et al. 2004; Bocchia et al. 2005; Rojas et al. 2007; Maslak et
al. 2008). Kromé proteinu Bcr-Abl by bylo mozné k 1é¢bé uzit i peptidy odvozené od
dalsich TAA leukemickych bunck. Obtiznd je identifikace vhodnych reaktivnich
epitopt, které jsou vétSinou predikovany pomoci pocitaCovych programi. Dalsi
slabinou peptidovych vakcin je omezeni pouze na malé mnozstvi antigenii a snadna

selekce nadorovych bunék, které nebudou obsahovat ptislusné cilové epitopy.
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Uvazuje se o uziti DNA vakcin, které by nesly geny pro TAA. Jako
nejvyhodné&jsi skupinou antigentt pro DNA vakcinaci se kromé Bcr-Abl jevi byt jiz
zminéné cancer-testis antigeny, které podstatné snizuji ¢i dokonce vylucuji nebezpeci
autoimunitnich reakci a skytaji nadéji na dobrou imunitni odpovéd’, a specifické
antigeny kmenovych nadorovych bun¢k. DNA vakciny jsou v experimentalnim modelu
obvykle podavany intrakutanné nebo intramuskularné¢ formou zlatych partikuli, na které
je navazana ptisluSna DNA (vhodné pripraveny plazmid). Slabinou je nedostate¢na
transfekce bunék in vivo a nizka syntéza antigenu, i kdyz se Gc¢innost transfekce da
zvysit elektroporaci (Heslop et al. 2003). Dalsi moznosti je uziti virového ¢i
bakterialniho vektoru, avsak takovy pfistup je spiSe vhodny pro jednorazové vyuziti u
infek¢énich onemocnéni neZ pro protinadorové vakciny. Imunitni odpovéd’ na proteiny
mikrobialniho pivodu znemoziiuje opakované vyuziti stejné vakciny (Heslop et al.

2003).

Z téchto divodl se uvazuje o vyuziti buné¢nych vakcin. Pro imunoterapii
nadorovych onemocnéni je vyznamnym pifinosem vyvoj ockovacich latek zalozenych
na autolognich dendritickych bunikach (DB). Moznosti vyuziti DB je n¢kolik. Tak se
napiiklad zkousi uc€innost DB, které¢ byly vystaveny piisobeni lyzati z nédorovych
bungk, ¢i elektroporovanych in vitro mRNA ziskanou z nadorovych bunék (Amrolia et
al. 2003; Hus et al. 2008). V klinickych zkouskach zacinaji byt provéfovany autologni
T-lymfocyty, které byly geneticky modifikovany tak, aby vznikl tzv. chimericky
receptor (CAR), ktery rozpoznava specificky nadorovy antigen (Jena et al. 2010). Jinou
uvazovanou formou bunécnych protinddorovych vakcin jsou preparaty zaloZzené na
autolognich a allogennich nadorovych buiikach, geneticky modifikovanych tak, aby se
zvysila jejich imunogennost (Levitsky et al. 1996; Borrello et al. 1999). Vyhodou
celobunéeénych vakcin je skuteCnost, Ze nabizeji pro prezentaci imunitnimu systému
Siroké spektrum bunéénych proteinti s mnoha epitopy, které se vazi na rizné HLA
molekuly. Jiz pted 17 lety byla ozkousena autologni vakcina vytvofena z myeloidnich
bcr-abl pozitivnich progenitor izolovanych od pacientd s CML (Smit et al. 1997).
Takovy pfistup se neujal. V klinické studii s pacienty s CML a AML byla nedavno
S povzbudivymi vysledky vyzkouSena vakcina zalozena na bunikdch K562, které byly
geneticky modifikovany tak, aby produkovaly GM-CSF (Borrello et al. 2009; Smith et
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al. 2010; Qin et al. 2013). Pfipominam, ze buinky K562 byly v minulosti odvozeny od
pacienta s blastickou formou CML a tvoii protein Ber-Abl a fadu dalsich TAA.

Tumor asociované antigeny (TAA)

TAA byly prvné identifikovany u pacienti s melanomem a renalnim
karcinomem (Novellino et al. 2005). Rozvojem metody serologického screeningu
exprese cDNA (SEREX) bylo detekovano velké mnoZstvi antigenti u pacientll se
solidnimi nadory (Tureci et al. 2005). Metoda SEREX je zalozena na identifikaci
nadorovych antigent, které maji schopnost vyvolat vysoké hladiny imunoglubulint

(IgG) v sérech pacientd.

Velké mnozstvi genovych produktt, které byly identifikovany metodou SEREX,

1ze rozdg¢lit do kategorii:

1) Cancer-testis antigeny / Germline antigeny

2) Mutované antigeny

3) Diferencia¢ni antigeny

4) Amplifikované / nadmérné produkované antigeny
5) Sestiihové antigeny (Splice Variant Antigens)

6) Virové antigeny
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Obr.3: Princip metody SEREX (Chen 2004).

Cancer-testis antigeny / Germline antigeny

Jedna se o antigeny, které splnuji nasledujici charakteristiky. Antigen je
pfevazné exprimovan v gametickych tkanich a v nddorovych butikach. Znaéna ¢ast genii
kodujici prislusné antigeny se nachazi na chromozomu X. Antigeny jsou imunogenni,
ovliviiuji produkci mnohych dalSich proteind v nadorovych buikach a in vitro jsou
aktivovany hypomethylaci a (nebo) inhibovany histon-deacetylazou. D¢li se do dvou
subtypu a to na tfidu HLA | a HLA Il. Tyto antigeny jsou ¢asto uzivané jako soucast
protinadorovych vakcin, protoze buiikky gametickych tkani ani placenta neprodukuji
proteiny HLA I ani HLA II tfidy. Nehrozi proto autoimunni reakce. Jsou dikazy, ze
V tomto sméru jsou obzvlasté spolehlivymi antigeny, jejichZ geny jsou lokalizovany na

chromozomu X.

Mutované antigeny

Jde o skupinu antigent, které vznikaji riznym typem mutaci. Tyto molekularni
zmény zpusobuji nebo pfispivaji Kk neoplastické transformaci bunék. | mutované
antigeny jsou rozdéleny do podtiid HLA | a HLA Il. Mezi nejznaméjsi antigeny patfi

tumor supresorovy protein p53 (Scanlan et al. 1998), dale pak posunovou mutaci
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vznikly antigen ADO34 (Line et al. 2002), CDX2 (Ishikawa et al. 2003) nebo E-
cadherin (Obata et al. 2000). VSechny tyto mutované antigeny jsou silnymi imunogeny

u pacientii s nadory.

Diferencia¢ni antigeny

Jednd se 0 skupinu antigent télu vlastnich. Opét zahrnuje dvé podtiidy
antigent, tj. HLA | a HLA I1l. Jde o proteiny, které ptimo zasahuji do biologickych
procesu v bunice. Patii sem napi. proteiny rodiny SOX, které se uplatiiuji pii vyvoji
neuront a pohlavni determinaci, ale také pii progresi nadoru plic (Giire et al. 2000);
dale SCP-1, protein, ktery se produkuje pii meiotické profazi spermatocytu, ale také
V jadrech nddorovych bunck nezavisle na tom v jaké jsou bunétné fazi, a dale CD20
antigen, ktery je produkovan pre-B bunkami a zralymi buiitkami B a je terapeutickym

cilem u hematologickych malignit indukovanych buitkami B.

Nadmérné produkované /amplifikované antigeny

Tyto antigeny vznikaji pfepisem normalnich gent, ale jejich mnozstvi je
podstatné vyssi Vv nadorovych nez normalnich buiikédch. Tyto antigeny jsou také
imunogenni. Mezi né se fadi napi. ARK-1, CAIX, elF-4 gamma, AKT-1, HER-2/neu a

mnohé dalsi.

Sestrihové antigeny
Jde o proteiny, které vznikaji jako produkty rtznych sSestfihovych variant
MRNA. Jejich izoformy mohou mit rizné biologické vlastnosti. Za zminku stoji antigen

NY-CO-38, u kterého bylo popsano 5 sestiihovych variant (Scanlan et al. 1999).

Virové antigeny
Antigeny koédované virovym genomem jsou soucasti bun¢k nadorti virového
pavodu. Jako ptiklad mohou slouzit nadory vyvolané papillomaviry (¢asné proteiny E6
a E7) ¢i nékterymi herpetickymi viry (EBNA). Vesmés jsou dobrymi imunogeny.
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Leukemia/tumor asociované antigeny u CML (LAA)

U hematologickych malignit hraji roli tzv. leukemia asociované antigeny (LAA).

Tyto proteiny jsou velmi Casto vysledkem chromozomové translokace mezi dvéma

vzdalenymi geny a je mozno povazovat je za specifickou skupinu antigenu. Faze gentu

podminuje vznik fazniho proteinu, ktery je charakteristicky pro danou hematologickou

malignitu napt. BCR-ABL, ETV6/AML, TEL/AML1, E2A-PBX, MLL-AF4 a IGH-

MYC. T-epitopy téchto proteinii se nachézeji v misté¢ fuzniho spoje. Kromé toho, ze

jsou potencialnimi terapeutickymi cili, zasahuji do celé fady biologickych drah a

indukuji vznik dalSich antigend (Obr.4). Ty jsou rovnéz potencialnimi cili pro

specifickou imunoterapii.
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Obr.4: Imunogenni antigeny u leukemie. Oranzova pole oznacuji proteiny, které se

ucastni  biologickych procesii vedoucich k proliferaci leukemickych bunek nebo

zabranuji jejich apoptoze (Greiner et al. 2008).
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RHAMM/CD168
RHAMM (receptor for hyaluronic acid mediated motility) patéi do skupiny

rozpustnych cytoplazmatickych proteint. Jeho gen lezi na chromozomu 5 a molekulova
hmotnost proteinu je kolem 80 kDa. Identifikovany byly jeho 3 sestfihové varianty, a to
RHAMM™, RHAMM™ a RHAMM™, které jsou z 99 % homologni (Crainie et al.
1999). RHAMM je produkovan varlaty, thymem, placentou (Giannopoulos and Schmitt
2006) a ptechodné a v nizkych hladinach také lymfocyty (Turley et al. 1993). Poprvé
byl popsan v mySich fibroblastech jako soucast receptoru pro kyselinu hyaluronovou
(HARC) (Jiang et al. 2010). Za fyziologickych podminek je RHAMM indukovan

hypoxii pfi hojeni ran a embryogenezi (Maxwell et al. 2008).

Svou roli také hraje pfi tumorigenezi. Byly popsany dvé cesty aktivace
RHAMM. Intracelularni, pti které¢ vystupuje RHAMM jako centrozomalni protein
regulujici aktivaci proteinu ARK-1 pies TPX2, a extracelularni, pti které pusobi na
nadorové mikroprostiedi aktivaci RAS-Raf-MEK-ERK signalni kaskady vazbou na
CD44 (Jiang et al. 2010). Vysledkem extracelularni aktivace je zvySena migrace

neoplastickych bunék.

Patfi mezi vyznamné TAA. Je nadmérné produkovan jak Vv solidnich nadorech
tak i u onkohematologickych onemocnéni (Greiner et al. 2002). Je vyznamnym
antigenem i u pacientt s CML (Greiner et al. 2002), u kterych se tvorba mRNA pro
RHAMM v PBMC zvysuje ve fazi akcelerace a pfi blastické krizi (Schmitt et al. 2006).
Studie u ruznych onemocnéni potvrdily cytotoxickou bunétnou odpovéd’ na RHAMM
(Crainie et al. 1999; Greiner et al. 2002) a také byl identifikovan T-bunéény epitop
R3 (SLELMKL), ktery indukuje u pacienti s leukemii CD8+ odpovéd” (Greiner et al.
2005).

WT-1 (Wilms tumor-1)

WT-1 patii mezi transkripéni faktory se Ctyfmi zinkovymi prsty. Reguluje
hormon, ktery kontroluje proces erytropoezy. Gen wt-1 je lokalizovan na
chromozomu 11. Existuje né€kolik transkripénich variant genu wt-1. Molekulova

hmotnost proteinu je49 kDa. Je produkovan piedev§im bunkami ledvin,
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hematopoetickymi bunkami, slezinou a gonadami. Lokalizace v bunce je uréena typem
izoformy. lzoforma 1 je lokalizovana v jadernych skvrnach a izoforma 4 v jadie a

v nukleoplazmé.

Za fyziologickych podminek se ucastni vyvoje urogenitalniho traktu. Ptvodné
byl WT-1 popisovan jako tumor supresorovy protein (Gessler et al. 1992), nicmén¢ jeho
aktivita je za n€kterych podminek spojena s onkogenezi. Svou roli hraje u onemocnéni
jako je Frasiertiv syndrom, Denys-Drashliv syndrom, nefroticky syndrom, Meachamuiv
syndrom, mesoteliom nebo Wilmstav tumor postihujici déti. Jeho nadmérna produkce
byla také detekovana u tady jinych solidnich nadort a hematologickych onemocnéni

(Van Driessche et al. 2012).

WT-1 je také nadmérné produkovan u pacientd s CML (Van Driessche et al.
2012) a jeho exprese ma vliv na proliferacni potencial leukemickych bunék (Inoue et al.
1997). Vysoka produkce proteinu WT-1 je spojena s vyssim rizikem vzniku nemoci
(Osaka et al. 1997). Mnohé studie potvrdily odpovéd’ bunék T k proteinu WT-1 u
pacientll s leukemii (Yong et al. 2008; Bellantuono et al. 2002; Gannagé et al. 2005).
V nékterych studiich bylo k imunoterapii CML pouzito peptidu odvozeného od WT-1
spole¢né s adjuvans Montanide ISA-51, nebo Montanide ISA-51 v kombinaci s GM-
CSF; vysledkem bylo sniZeni poétu transkriptd bcr-abl a wt-1 (Narita et al. 2010;
Rezvani et al. 2008).

NE (neutrofilni elastaza)

Neutrofilni elastaza patfi do rodiny serinovych protedz. Gen pro NE je nazyvan
ela2 nebo elane a je lokalizovan na chromozomu 19. Molekulova hmotnost proteinu je
v rozmezi 29-33 kDa. Je produkovan ptedev$im neutrofily a monocyty. Protein je
lokalizovan v azurofilnich granulech neutrofild, v jaderném obalu, na povrchu
neutrofil a v siti extracelularnich vlaken, které vazou patogeny. Ta se oznacuje jako
NETs (neutrophil extracellular traps). Poprvé byla elastaza identifikovana v 60. 1étech
20. stoleti skupinou Janoffa a Scherera (Janoff and Scherer 1968). Sviij nazev elastaza
dostala podle substratu, na ktery enzym pusobi: jde 0 uvoliiovani rozpustnych peptidi

Z nerozpustného elastinu.
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Syntéza NE je regulovana na transkripéni urovni faktory C/EBPa, PU.1, CBF,
c-Myb a Spl (Ward et al. 2000) béhem vyvoje granulocytti a potom na posttranslacni
urovni pied vznikem zralych, proteolyticky aktivnich azurofilnich granul (Korkmaz et
al. 2010).

NE jako komponenta neutrofilnich granul se ucastni predev§sim niceni
intracelularnich a extraceluldrnich patogenii neoxidativni cestou. Mezi dalsi biologické
funkce patii degradace extracelularni matrix, zanétlivych mediatort a receptorti a
indukce cytokinti a chemokini. Optimalni pH pro aktivitu enzymu je v rozmezi 8,0-8,5.

NE hraje kli¢ovou roli také u nékterych patologickych stavii, jako jsou zanétliva
onemocnéni, vrozena neutropenie, granulocytarni onemocnéni charakteristické nizkou
hladinou neutrofili, a syndromu Papillon-Lefevre, dédi¢né hyperkeratoze dlani a
chodidel spojené s t€Zkou parodontitidou.

V souvislosti s nadorovymi onemocnénimi byl popsan jeji vyznam i u CML. NE je
u pacient S CML nadmérné produkovana bunikami CD34+ (Fujiwara et al. 2005). Jsou
urcité dikazy o jejim vlivu na vznik a progresi nemoci. Nadmérna produkce NE
inhibuje fadu ristovych faktort a tim dava ristovou vyhodu pro buiky CML, které jsou
na nich mén¢ zavislé (Ouriaghli et al. 2003). Byla pozorovana také indukce bunék T,
které mély cytotoxicky ucinek pouze na leukemické myeloidni progenitory (Fujiwara et
al. 2005). Na zaklad¢ vysledku testovani odpovédi prostiedkované buiikami CD4+ a
CD8+ byla NE zafazena mezi vyznamné LAA (Fujiwara et al. 2005).

Pr-3 (proteinaza 3)

Pr-3 stejné jako NE patii do rodiny chymotrypsinovych serinovych proteaz. Gen
prtn3 pro Pr-3 lezi na chromozomu 19. Molekulova hmotnost enzymu je v rozmezi 29-
32 kDa. Je produkovan piedevsim neutrofily, monocyty a bazofilnimi buinkami.
Nachazi se v azurofilnich granulech, sekretornich vaccich, na povrchu aktivovanych
neutrofili a NETs. Myeloblastin, jak byla ptivodné Pr-3 oznacovana, byl ptvodné
popsan u emfyzému skupinou Baggioliniho (Baggiolini et al. 1978). Nazev Pr-3 se
zacal uzivat pfi jejim zkoumani v buikach HL-60 (Bories et al. 1989).

Pr-3 je regulovana béhem vyvoje granulocyti podobné jako NE (Korkmaz et al.
2010).
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Hlavnimi fyziologickymi funkcemi Pr-3 jsou degradace extracelularni matrix
(ECM), zanétlivych mediatord a receptord, indukce apoptoézy endotelialnich bunék a
regulace granulopoezy. Optimalni pH pro jeji aktivitu je 8.0.

V patofyziologii je jeji aktivita popsana u zanétlivych onemocnéni, syndromu
Papillon-Lefevre a Wegenerové granulomatoze. Praveé pii Wegenerové granulomatoze
je Pr-3 cilem autoimunni reakce.

Pr-3 je nadmérné¢ produkovana u nékterych onkohematologickych onemocnéni
jako je AML a CML a to ptevazné v jejich progenitorech (Goulmy 1997). Pr-3 zvySuje

proliferaci bunk cestou piimé proteolyzy proteinu CDKI p21 “ar/eiPt

(inhibitor cyklin-
dependentni kinazy), ktery je inhibitorem pfechodu bunécného cyklu z G1 faze do
S faze (Witko-Sarsat et al. 2002). Zvysena exprese mRNA pro Pr-3, byla detekovana u
pacientli s CML ve fazi akcelerace a v blastické krizi (Schmitt et al. 2006). Velmi silna
specificka reakce zprosttedkovana buitkami CD4+ a CD8+ byla zjisténa po vakcinaci
peptidy (Pr-1, Pr-7) odvozenymi ze sekvence proteinu Pr-3 (Gannagé et al. 2005; el-
Shami and Smith 2008; Fujiwara et al. 2005; Barrett and Rezvani 2006). Vysledky
zminénych studii fadi Pr-3 mezi vyznamné kandidaty pro imunoterapii u pacienti

s CML.

Cathepsin G

Stejné jako dva pfedchozi proteiny patii cathepsin G do superrodiny serinovych
protedz. Gen ctsg pro cathepsin G je lokalizovan na chromozomu 14. Protein ma
molekulovou hmotnost 28,5 kDa. Hlavnimi producenty jsou neutrofily, monocyty a
mastocyty. Nachazi se v azurofilnich granulech, na povrchu neutrofili po primingu a
na NETs. Enzymaticka aktivita proteinu byla poprvé popsana Dewaldem a Rindler-
Ludwigou (Dewald et al. 1975; Rindler-Ludwig and Braunsteiner 1975; Korkmaz et al.
2010).

Jeho hlavni funkei je za fyziologickych podminek degradace ECM, zanétlivych
mediatorll a receptort a aktivace krevnich desticek. Optimalni pH pro jeho aktivitu
je7,5.

Stejné jako NE a PR-3 se ucastni patologickych procesi u zanétlivych

onemocnéni a U syndromu Papillon—Lefevre.
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Cathepsin G byl popsan jako kandidatni protein (LAA) pro imunoterapii
myeloidni i lymfoidni formy leukemie (Fujiwara et al. 2005). Peptid FLLPTGAEA
odvozeny od cathepsinu G byl detekovan na povrchu CD34+ CML blasta
(Papadopoulos et al. 1997). Ve studii pacientd s AML byla testovana série péti peptidi
(CG1-CG5) odvozenych od cathepsinu G a byla pozorovana indukce specificky
reagujicich lymfocytl. V blastech pacienti s AML je silna nadprodukce cathepsinu G.
Nebyl vsak lokalizovan v granulech, ale v buné¢nych komponentach ucastnicich se
prezentace antigenti. Skupina Alatrashe popsala specifickou reakci aktivovanych CTL,
které atakovaly primarni AML buiky, ale nikoli zdravou kostni dfen. (Zhang et al.
2013). Specifickou imunizaci proti cathepsinu G by pravdépodobné¢ mohlo byt také
zasazeno mikroprostiedi nadoru. V experimentalnim modelu nadoru prsu byl pozorovan
u¢inek cathepsinu G na zvySenou produkci VEGF a MCP-1, tj. proteint, které se
podileji na neoangiogenezi (Wilson et al. 2010) a rovnéz na interakci nadoru
s nadorovym stromatem s naslednou metastatickou aktivitou nadorovych bunék (Wilson
et al. 2009).

CAIX/G250
Carbonic anhydrasa 1X (CAIX)/G250 patii mezi TAA. Western blotem lze

detekovat dvé izoformy a to transmembranovy protein o velikosti 54/58 kDa a
rozpustny protein o velikosti 50/54 kDa (Zavada et al. 2003). Transmembranovy protein
se sklada z extracelularni proteoglykanové casti (PG) a z katalytické domény, ktera je
ukotvena v plazmatické membrané. Prvni izoformu lIze detekovat v zalude¢ni mukoze a
v n¢kterych nadorech, druha forma je detekovatelna v bunikach tkanovych kultur a
Vv télesnych tekutinach (Zavada et al. 2003). Poprvé byla identifikovana jako protein
nazvany MN v Hela bunikach, jeji pfitomnost byla detekovéana v pierostlych tkanovych
kulturach a v buiikach infikovanych quasi-virovym faktorem MaTu (Pastorekova et al.
1992). Gen calX je upregulovan transkripénim faktorem HIF-la (hypoxia inducible
factor la). CAIX patii do rodiny Kkarbonickych-anhydraz, ktera zahrhuje celkem
14 izoenzymi. Katalyzuje reakci H,O + CO; < H" + HCOg, ktera je v bunkach velmi
Casta. CAIX se podili na regulaci pH v plazmatické membrané a piispiva k acidifikaci

extracelularniho mikroprostiedi pii hypoxii (Takacova et al. 2007).
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CAIX byla detekovana i u solidnich nadori. Kromé fyziologické funkce, hraje
CAIX roli v onkogenezi a pfi nadorové progresi (Lam JS et al. 2005). Produkce
proteinu nadory je Spatnym prognostickym znamenim (Chia et al. 2001). Obecné
nadory, které vykazuji markery hypoxie, se vyznacuji zvySenou agresivitou. Hypoxie
vede Kk acidoze a nedostatku nutri¢nich substratii, coz indukuje vyvoj promigracnich a
proinvazivnich bunéénych fenotypt (Chiche et al. 2010). Také katalyticka aktivita
CAIX posiluje bunétnou migraci piimou interakci s dihydrogen-uhli¢itanovymi
transportery v lamellopodiich (Svastova et al. 2012) a tim podporuje migra¢ni potencial

nadorovych bunék.

Tim, Ze se CAIX se za fyziologickych podminek produkuje pouze v epitelialnich
bunkach zaludku, v tenkém stfevé a Zlu¢niku (Pastorekova et al. 1997), se stava
moznym cilem protinadorové imunoterapie. Produkce CAIX byla detekovana i u
pacientti s CML (Schmitt et al. 2006). Enzym je zafazen mezi vyznamné LAA (Schmitt
et al. 2006; Greiner et al. 2008).

SPAG9 (Sperm associated antigen 9)

SPAGY se fadi mezi cancer-testis antigeny. Jeho gen je lokalizovan na
chromozomu 17. V dusledku sestiihu transkriptu vznikaji tfi varianty proteinu o
molekulové hmotnosti 145 kDa, 53 kDa a 14kDa. SPAGY byl diive oznacovan jako
protein JIP4, tento nazev ziskal na zaklad¢ strukturalni homologie se scaffoldovym

proteinem JIP3 (Morrison and Davis 2003).

Fyziologicky se SPAGY9 produkuje V haploidnich spermatoidnich bunikach
béhem spermatogeneze (Shankar et al. 1998). Protein interreaguje s MAPK kinazovymi
proteiny JNK2 a JNK3, méné pak sJNKI. Nebyla pozorovana jeho vazba na
p38aMAPK nebo ERK (Jagadish et al. 2005). Kromé spermatoidnich bunék byl SPAG9
detekovan i v nadorech vaje¢nikti (Garg et al. 2007), nadorech prsu (Kanojia et al.
2009), renalnich karcinomech (Garg et al. 2008), v cervikalnich karcinomech (Garg et
al. 2009a) a nadorech stitné zlazy (Garg et al. 2009b). Byl také popsan u
hematologickych malignit, a to u AML a CML (Guinn et al. 2005; Kanojia et al. 2010).
U 88 % pacienti s CML byla detekovana mRNA pro SPAG9 (Kanojia et al. 2010).
SPAGY indukuje u pacientli také humordlni imunitni odpovéd’. Byla prokézana
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Upacientt S nadory vajeéniki (67 %), nadory prsu (80 %), cervikalnim
karcinomem (80 %), renalnim karcinomem (77 %) a kolorektalnim karcinomem
(74 % resp.) shrnuto v (Suri et al. 2012). Protilatkova odpovéd’ byla detekovana také u
obou typu vyse zminénych leukemii (Guinn et al. 2005; Kanojia et al. 2010). U pacientt
S CML byla zjisténa v 88 %. Zuvadénych pozorovani lze vyvodit, ze SPAGY9 je

slibnym terapeutickym cilem pro vyvoj imunoterapie zamétené proti CML.

TERT
TERT (telomeraza reverzni transkriptaza) je katalytickou podjednotkou enzymu

telomerazy, ktery tvoti s RNA, slouZici jako templat, a s asociovanym proteinem TP-1
tzv. telomerazovy komplex. TERT se sklada z 1132 aminokyselin, jeji molekulova
hmotnost je 124 kDa. Gen pro TERT je lokalizovan na chromozomu 5. Enzym
katalyzuje pfipojovéani nukleotidl na koncich telomér. Teloméry jsou tvotfeny repetitivni
DNA lezici na koncich chromozomt. U eukaryotnich organismii slouzi jako ochrana

pted genovou nestabilitou.

Za fyziologickych podminek bunky neprodukuji telomerazu (Kim et al. 1994) a
ztraci Cast telomer pfi kazdém bunééném déleni. Degradace TERT vede ke zkracovani
telomer, bunéénému starnuti a apoptoéze. U nadorovych bunék dochazi ke ztraté telomer,
aberantni mitotické separaci chromozomu a aneuploidii. Kromé ztraty telomer bylo u
nadorovych bunék pozorovano také jejich prodluzovani (Zhou 2011). V normalnich
bunkach je TERT lokalizovana v jadérku a v nukleoplazmé, v nadorovych burikach je
distribuovan ptevazné jen v nukleoplazmé (Blackburn 2005). Na TERT se mize vazat
PinX1, ktery byl identifikovan jako inhibitor telomerazové aktivity (Zhou 2011). PinX1
byl oznacen jako tumor supressor, ktery je redukovan v nadorovych bunkach (Zhou
2011). Kromé¢ katalytické aktivity TERT ovliviiuje expresi dalsich 300 gend, které
zahrnuji 1 ty, které se podileji na regulaci bunééného cyklu, proliferaci a diferenciaci

(Majerska et al. 2011).

Nadmérna produkce TERT v nadorovych bunkach a nizka produkce v
normalnich tkanich fadi tento protein mezi nadéjné cile nadorové imunoterapie. Prvni
imunogenni peptid byl testovan u pacientd s melanomem (Vonderheide et al. 1999).
Pozitivné bylo testovano celkem 26 antigennich peptidi odvozenych od TERT, souhrn
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vSech studii byl publikovan v piehledovém ¢lanku (Liu et al. 2010). Z dosavadnich
vysledkt vyplyva, ze TERT je vyznamnym TAA, diky epitoptim jak MHC 1. tfidy tak i
MHC 1II. tfidy, které indukuji protinadorovou odpovéd’ zprostiedkovanou bunkami
CD8+ i CD4+. Nadmérna produkce TERT byla pozorovana i v piipadé CML (Campbell
et al. 2006). Produkce TERT byla testovana u pacienti s CML ve vSech fazich nemoci a
zvySena telomerazova aktivita byla vzdy spojena s progresi nemoci (Keller et al. 2009;

Varma et al. 2011).

Hsp70

Heat shock protein 70 (Hsp70) je protein o velikosti 70 kDa a jeho gen lezi na
chromozomu 3. Patii mezi chaperony, které jsou bunikou produkovany jako odpovéd’ na
stres. Hsp70 se vaze na cilové proteiny, ¢imz je stabilizuje, aby nedenaturovaly nebo
neagregovaly, dokud nedojde ke zlepSeni podminek. Kromé stresu se Hsp70 uplatfiuje i
pfi normélnich fyziologickych procesech a bunééné proliferaci. Ulastni se syntézy
novych proteinli, zajistuje subcelularni transport proteint, formovani a disociaci

komplexi (Evans et al. 2010).

Vysoka exprese Hsp70 byla popsana u solidnich nadorti a také u leukemie
(Nylandsted 2009). Nadprodukce Hsp70 u nadorovych bunék vede K piimé inhibici
apoptozy tim, Ze blokuje aktivaci prokaspazy 9 zménou jeji konformace. Interaguje
rovnéz s endoplazmatickym retikulem tak, Zze spousti kaskadu dé&ju, jez zabrani
apoptoze (Mosser and Morimoto 2004; Evans et al. 2010). Jeho inhibici dochazi ke
snizeni Zivotaschopnosti nadorovych bunék a ke snizeni jejich proliferace (Goloudina et
al. 2012; Jego et al. 2013). Nadmérna tvorba Hsp70 nejspiSe také vede ke snizeni
aktivace signalnich drah Erk, NK-xB a JNK a tim ke zvySeni rezistence
k chemoterapeutikim (Gabai et al. 2005). Kromé vyvoje inhibitori Hsp70
Vv protinddorovych 1écivech, byl protein vyuZit 1 pifi pfipravé experimentalni vakciny

proti CML (Li et al. 2005).
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PRAME

PRAME (preferentially expressed antigen in melanoma) patti do skupiny
cancer-testis antigend. Jeho gen lezi na chromozomu 22. Alternativnim sestfihem muze
vzniknout az 15 sestifihovych variant PRAME. Western blotem byly detekovany
proteiny o velikosti 58 (Quintarelli et al. 2008), 75 a 33kDa (Proto-Siqueira et al. 2006).
Kromé proteinu PRAME se produkuji i proteiny PRAME-like, které se vyznacuji
vysokou homologii k proteinové rodiné PRAME. V lidském genomu je obsazeno
22 geni pro PRAME-like a 10 pseudogeni (Birtle et al. 2005); o vzajemnych
interakcich mezi proteiny PRAME-like a PRAME nejsou informace.

PRAME patti do rodiny proteini LRR (leucin rich repeat) (Kajava 1998), které
se uplatiuji pfi imunité zprostiedkované bunkami a pii transdukci signala. Je také
pravdépodobné intracelularnim senzorem pro tzv. PAMP (pathogen associated
molecular particles) a pro molekuly spojené se zanétem doprovazejicim nadory

(Wadelin et al. 2010). Jeho funkce se uplatiiuji na urovni jadra i cytozolu.

Dalsi funkci proteinu PRAME je potlaceni signdlni drahy kyseliny retinové
(RA) a to interakci s jejim receptorem (RAR) (Epping et al. 2005). Kyselina retinova se
fyziologicky vaze na RAR a indukuje transkripci nékolika cilovych gent, jejichz
produkty napomahaji diferenciaci bun¢k a zpomaleni bunétného cyklu. Ztrata této osy

je pro nadorové bunky velmi vyhodna (Altucci and Gronemeyer 2001).

Produkce PRAME byla detekovana u melanomu, nadort prsu, ledvin, hlavy a
krku, plic, Hodgkinova lymfomu, sarkomu, meduloblastomt, Wilmsova tumoru a také u
lymfoidni a myeloidni leukemie (De Carvalho et al. 2013). Rovnéz byl popsan jeho
inhibi¢ni vliv na regulaci TRAILuU u pacienti s CML (De Carvalho et al. 2011). TRAIL
indukuje u nadorovych buné¢k specifickou pro-apoptotickou aktivitu, interakce PRAME
S RAR pravdépodobné snizuje jeho produkci. Zvysené pocty transkripti mRNA pro
PRAME byly pozorovany u pacientd s CML ve fazi akcelerace a v blastické krizi
(Schmitt et al. 2006).

PRAME obsahuje epitopy, které indukuji bunéénou imunitni odpovéd u
pacientt s nadory (lkeda et al. 1997). Silna imunitni odpovéd’ byla popsana u pacienttii S
AML (Greiner et al. 2006), CML (Griffioen et al. 2006; Schmitt et al. 2006) a ALL
(Rezvani et al. 2009).
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ARK-1/Aurka
Aurka (ARK-1 ¢i serine/threonine Kinase 15-STK15) je protein o velikosti 403

aminokyselin a jeho gen je lokalizovan na chromozomu 20. HIavni funkci je regulace
vzniku centrozom. Hraje roli pfi mitoze, ovliviiuje vznik a funkci bipolarniho téliska a

ucastni se cytokineze.

Nadmérna produkce ARK-1 byla zprvu zjisténa u solidnich nadort jako jsou
nadory prostaty, prsu, vajecnikd, stieva, neuroblastom a cervikalni karcinom (Bischoff
et al. 1998; Zhou et al. 1998). Drahy, které jsou zvySen¢ aktivovany v nadorovych
bunkach ERK, STAT5, GATA3 nebo HIF-1a (Karthigeyan et al. 2011), reguluji
transkripci ARK-1. Pii neoplastické transformaci dochazi k interakci ARK-1 s proteiny,
které brani jeji degradaci. Pti neoplastické transformaci dochazi k amplifikaci genu pro
ARK-1, ktera je spojena se vznikem mnohocetnych centrozom a multipolarnich télisek,
vznikem aneuploidie, zvySenou rezistenci k apoptoze a ke snizeni aktivity mechanismd,
které kontroluji buné¢ny cyklus (Meraldi et al. 2002; Nikonova et al. 2013). Zvysena
exprese ARK-1 je detekovatelnd v nadorovych bunkach ve vsech stadiich bunétného
cyklu (Nikonova et al. 2013). Nadmérna produkce proteinu také ovliviiuje aktivitu
nékterych transkripénich faktort, jako je NF-xB, které napomahaji ristu nadoru a
ptezivani nadorovych bunék (Briassouli et al. 2007). Amplifikace mRNA byla také
popsana u onkohematologickych onemocnéni jako jsou nehodgkinovské lymfomy
(Hamada et al. 2003; Camacho et al. 2006), AML (lkezoe et al. 2007; Huang et al.
2008), v primarnich blastech a liniich odvozenych od AML (Walsby et al. 2008) a také
v izolovanych buikach pacienti s CML (Ochi et al. 2009). Podatilo se identifikovat
antigenni nonapeptid odvozeny od ARK-1 (Ochi et al. 2009).

CML66
Protein CML66 se sklada z 583 aminokyselin a jeho molekulova hmotnost je 66

kDa. Jeho gen je lokalizovan na chromozomu 8. Funkce proteinu je dosud neznama. Za
béznych fyziologickych podminek byla detekovdna slaba exprese mRNA v tkanich
varlat a srdce (Yang et al. 2001). Vysoka exprese mRNA pro CML66 byla pozorovana
u AML, CML a také u solidnich nadoru plic a prostaty (Yang et al. 2001; Wu et al.

2005). Pomoci kvantitativni reverzni PCR byla detekovana v mononuklearnich bunkach
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pacienti s CML (PBMC) 1,5 krat vyssi exprese nez u zdravych osob (Yang et al. 2001).
Ve stejné praci byla také popsana humordlni imunitni odpovéd k CML66. Bunécna
imunitni odpovéd byla testovana skupinou Yasukawiho. Podafilo se jim ovéfit

funk¢nost navrzeného epitopu proteinu CML66 (Suemori et al. 2008).

Adipofillin (ADRP)

Adipofillin, oznacovany téz jako perilipin 2 (PLIN2) nebo jako adipose
differentiation-related protein (ADRP) patii mezi lipidova téliska (adiposomy). Lidsky
gen pro adipofillin oznacovany jako (adph) lezi na chromozomu 9. Adph patii do rodiny
genu obsahujici doménu PAT. Jedna se o konzervovanou sekvenci na N-terminalnim
konci, kterou adph sdili s geny pro perilipin (PLIN) a Tip47. Mezi proteiny, které tyto
geny koduji, je vysoka homologie v mist¢ NH; konce v tzv. PAT-1 doméné. Homologie
mezi PLIN a ADRP je 40 % a mezi TIP47 a ADRP 65 %. Homologie jsou mensi
v PAT-2 domén¢ (20 % resp. 40 %). Presna funkce PAT domén neni znama, ale
pravdépodobné jsou cilené na jina lipidova téliska (McManaman et al. 2003).
Adipofillin se produkuje v lipidovych tkéanich, jatrech v plicich, svalech, v mlé¢né zlaze

a makrofazich, jejichz prostiednictvim se vyznamné uplatiiuje pii rozvoji aterosklerdzy.

Diive publikované prace popisuji aktivaci lipidovych drah u néckterych
nadorovych bun¢k (Ostler et al. 2010; Straub et al. 2010). Je zfejmé, Ze neoplastické
buniky potiebuji syntetizovat metabolity véetné lipidi pro svou rychlou proliferaci a
aktivovat i jiné mechanismy neZ je anaerobni glykolyza popisovana v literatufe jako
Warburgav efekt (Warburg 1956). V patologické akumulaci lipidi vcetné adipofillinu
byl prokazan vliv hypoxie, pii niz HIF-2 (hypoxia-inducible protein 2) a HIF-la
nepiimo ovliviiuji katabolismus mastnych kyselin a tim zvySuji mnozstvi lipidovych
depot (Gimm et al. 2010). Zvysena syntéza mastnych kyselin a také zvysena glykolyza
byla popsana u Burkittova lymfomu (Bhatt et al. 2012). Bunky Burkittova lymfomu,
V nichz byla prokdzana zvySena akumulace lipidovych vakuol, pozitivné reagovaly s
monoklonalni protilatkou proti adipofillinu  (Ambrosio et al. 2012). Produkce
adipofillinu byla také prokazana u nékterych nadorovych linii vcetné linie K562
odvozené od pacienta s CML (Schmidt et al. 2004), a to v mnozstvi podstatné vyssim,

nez se zjiStuje v bunkach snormdlni fyziologickou funkci v uvedenych tkénich.
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Podarilo se identifikovat T-epitop ADRP (Schmidt et al. 2004), ktery se tak stava

zajimavym kandidatem pro protinadorové vakciny.

Survivin

Survivin je nadmérné produkovan u vétSiny nadorovych onemocnéni, nikoli
vSak Vnormalnich diferenciovanych tkanich, s vyjimkou thymocyta, CD34+
kmenovych bunék a bazalnich stievnich epitelialnich bun¢k (Ambrosini et al. 1997).
Defekt v signalni kaskadé apoptozy je obvyklym jevem u vétSiny nadorovych tkani.
Survivin je zafazen mezi skupinu inhibitort apoptézy (IAP) a ma vyrazny vliv na
inhibici apoptdzy a regulaci mitdzy (Altieri 2003). Je nejmensim znamym inhibitorem
apoptozy. Jeho gen lezi na chromozomu 17. Protein se sklada ze 142 aminokyselin
s jednou doménou oznacovanou jako BIR (Baculovirusi inhibitor of apoptosis protein
repeat) (Ambrosini et al. 1997; Ambrosini et al. 1998). Doména BIR je strukturalni
motiv v proteinech, které hraji roli v apoptoze, v produkci cytokini a v segregaci
chromozomu (Silke and Vaux 2001). V mitéze v G2-M fazi hraje roli jeho interakce
s délicim vieténkem a zasahuje do jednotlivych fazi déleni (Yang et al. 2004; Li et al.
1998). Protekce nadorovych bunék survivinem je pravdépodobné zalozena na utlumeni
mitochondrialni apoptické kaskady zabranénim aktivaci kaspazy 9 (LaCasse et al. 1998;
Salvesen and Duckett 2002). N¢ktera data naznacuji, ze kromé vlivu na mitézu a
signalni kaskadu apoptdzy, ma survivin vliv 1 na proliferaci nddorovych bunék a jejich
Zivotnost tim, ze stabilizuje vlakna dé€liciho vieténka, ktera se tim stavaji odolnymi vici

mikrotubulovym toxiniim (Giodini et al. 2002).

Byla pozorovana amplifikace lokusu pro survivin u neuroblastomu (Islam et al.
2000), demetylace exonu 1 genu pro survivin u nadoru vaje¢niku (Hattori et al. 2001) a
zvySena exprese genu pro survivin u pacientd s CML (Hernandez-Boluda et al. 2005).
Specifickd imunitni odpovéd CD8+ T bunék proti survivinu byla popsdna u pacientli

s mnohoc¢etnym myelomem (Grube et al. 2007) a s leukemii (Siegel et al. 2004).
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Nm23-H2

Non-metastasis protein 23 (Nm23) byl poprvé popsan u bun¢k melanomu (Steeg
et al. 1988) jako faktor redukujici metastazujici aktivitu. Produkce Nm23 byla
prokazana u Sirokého spektra nadorovych onemocnéni. U melanomt a nadoru prsu je
zvySend hladina mRNA spojena se sniZzenou schopnosti nddorii metastazovat a tim S
lepsi prognézou. Na druhé stran¢ se zvysSena hladina transkript nm23 zjistila u nadora
prostaty, neuroblastomu a non-Hodgkinova lymfomu. Je spojovana s progresi
onemocnéni (Aryee et al. 1996; Hartsough and Steeg 2000; van Noesel and Versteeg
2004). Jsou znamy 4 typy lidskych genti nm23, a to nm23-H1, nm23-H2, dr-nm23 a
nm23-H4 (Okabe-Kado et al. 1998). Proteiny Nm23-H1 a Nm23-H2 vykazuji 88%
homologii v sekvenci aminokyselin a oba jejich geny jsou lokalizovany na
chromozomu 17 (Stahl et al. 1991; Chandrasekharappa et al. 1993). Proteiny Nm23 se
podileji na bunééné proliferaci, motilité a bunééném vyvoji (Delarosa et al. 1995).
Nm23-H2 je identicky s NDP (nukleosid difosfat) kinazou-B, ktera katalyzuje
fosforylaci nukleosid difosfatu (Delarosa et al. 1995). NDP kindza je ubiquiterni enzym
katalyzujici ptenos fosfatu z ATP na NDP (Biggs et al. 1990). Nm23-H2 byl také
popsan jako transkrip¢ni faktor PuF genu c-myc (Postel et al. 1993). Piedpoklada se, ze

touto transaktivaci Nm23-H2 ovliviiuje bunécnou proliferaci a diferenciaci.

Skupina Niederwiesera poprvé identifikovala imunogenni peptid odvozeny
zNm23-H2 v bunkach pacienta s CML (Tschiedel et al. 2008). Stejnad skupina
prokazala, ze posttranslacni modifikace Nm23-H2 je specifikym jevem u CML a je
spojena s aktivitou fuzniho proteinu Ber-Abl. V 96,7 % vzorkth mononuklearnich bunék
pacientil s diagn6zou CML a u 100 % vzorkii PBMC pacient rezistentnich na imatinib
byla detekovana zvySena produkce Nm23-H2 v cytoplazmé bez zvySeni mRNA.
Zvyseni produkce proteinu bylo omezeno pouze na bunééné populace pozitivni na Bcr-
Abl (Tschiedel et al. 2012).
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Nadorova angiogeneze

Tvorba novych cév probiha dvéma riznymi procesy. Prvnim je vaskulogeneze.
Oznacujeme tak tvorbu sité cév béhem embryogeneze. Vaskulogeneze i embryonalni
hematopoeza jsou aktivovany v mezodermu. Jsou vysledkem aktivace bunek, které se
diferenciovaly ze spole¢ného prekurzoru hemangioblastu. Druhou cestou vzniku cév je
angiogeneze. Béhem ni se nové cévy tvoii z jiz existujicich cév. Tento pochod se
uplatiiuje jak v embryogenezi, tak v dospé€losti. Obou téchto procesi se ucCastni
endotelové burky, které proliferuji, migruji a vzajemné na sebe nasedaji a formuji
novou cévu. Findlnim procesem je arteriogeneze, kdy kanal vytvofeny endotelidlnimi
bunikami je pokryt pericyty a hladkym svalstvem. Za fyziologickych podminek se
angiogeneze uplatiuje pii hojeni ran a béhem zenského/samiéiho reprodukéniho cyklu.
Za patologickych podminek pfispiva k progresi mnoha onemocnéni véetné
neoplastickych. U nadorovych onemocnéni hraje angiogeneze klicovou roli pfi rastu
nadoru, invazi a metastazovani nadorovych bunék. Mikroskopickd populace malignich
nadorovych bunék je zpocatku zasobovana kyslikem a Zivinami z ptilehlych kapilar.
Jakmile velikost nadorového utvaru presahne velikost 2-3 mm?®, dojde v nadoru
k biologickym procesim vedoucim k proangiogennimu bunécnému fenotypu (Folkman
1995). Angiogeneze se stala vyznamnym cilem intervenci u pacientl s riznymi typy
nadord. Kromé nadorovych onemocnéni se tento proces také uplatiiuje u patologickych
stavi, jako jsou chronické zanéty, lupénka a mnohé dalsi. Naopak nedostatecna
angiogeneze byla pozorovana napi. u ischemické choroby srde¢ni, Alzheimerovy

nemoci, diabetické neuropatie, osteopordzy a mnohych dalsich.

Hlavnim inicidtorem procesu angiogeneze je hypoxie. Pfi ni na zaklad¢ snizeni
parcialniho tlaku O, ve tkani ¢i v prostfedi nadoru dochazi k expresi HIF-1a (hypoxia
inducible faktor-1a). HIF-1a je transkripénim faktorem. Stabilizuje hypoxickou buiiku
aktivaci mnohych geni. Mezi né patii i gen pro VEGF, ktery je kliCovym v procesu
angiogeneze. VEGF spousti pro-angiogenni signal pies tyrosin-kinazovy receptor
VEGFR-2, ktery je lokalizovan na povrchu endotelovych bunék. Angiogeneze je velmi
slozity komplexni proces, do néhoz zasahuje nékolik desitek substanci, které I1ze rozdélit

na aktivatory a inhibitory angiogeneze.
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Angiogeneze u leukemie

V minulosti byla opomijena moznost, ze by Kostni dfen a lymfatické tkané
mohly néjakym zptusobem pfispivat k patogenezi onkohematologickych onemocnéni.
Dnes se vi, ze vaskularizace kostni dfené je velmi dulezity proces v jejich patogenezi.
Napt. vaskularni niky, které jsou tvofeny pericyty a bunkami hladkého svalstva,
podporuji proliferaci a diferenciaci hematopoetickych progenitort (Konopleva et al.
2009). Ty se po opusténi osteoblastické niky usadi nejprve ve vaskularni nice. Teprve
potom dojde Kk jejich uvolnéni do krevniho fecist€. Vaskularni niky se uplatiuji i
v patogenezi CML. Podobné jako HSCs vznikaji leukemické kmenové buriky, které
maji vlastnosti typickych kmenovych bunék (Holyoake et al. 2002). Ty se po opusténi
osteoblastické niky dostavaji do vaskularni niky a nasledné pak putuji do krevniho
obéhu (Konopleva et al. 2009). K pfezivani a proliferaci leukemickych bunék ve
vaskuldrni nice pfispivd nékolik cytokinii jako G-CSF, GM-CSF, VEGF a IL-6
(Hatfield et al. 2006). Schéma zasobeni kostni difen¢ a mikrovaskularizace v ni lze

pozorovat v Obr.5.

A Periosteal artery B
Periosteal capillaries
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Emissary vein / Nutrient artery

Obr.5: A) Schéma cévniho zdsobeni kostni diené. B) Fotografie mikrovaskularizace
kostni drené. (Schmidt and Carmeliet 2011)

Markerem angiogeneze u hematologickych onemocnéni je zvySeni vaskularni
denzity v kostni dfeni, ktera byla pozorovana také u leukemie (Zhelyazkova et al. 2008;

Korkolopoulou et al. 2003). Angiogeneze je aktivovana infiltraci leukemickych bunék v
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kostni dfeni; to se tyka i CML (Lundberg et al. 2000). Zvysena vaskularni denzita je
nezavislym prognostickym parametrem u pacienti s CML (Korkolopoulou et al. 2003)
a zvySena hladina VEGF je markerem S$patné prognozy (Li et al. 2008). TKA proteinu
Ber-Abl zvySuje expresi VEGF (Mayerhofer et al. 2002). V soucasné dobé neni
podrobné znam molekularni mechanismus aktivace angiogeneze u CML, avsak byla
popsana fada faktord, které se aktivace angiogeneze u CML ucastni. Kromé vyse
uvedeného VEGF, jsou mezi nimi angiopoetin-2, VEGFR-1, VEGFR-2, BFGF, IL-6,
IL-8, TNF-a, angiogenin a dalsi (Dong et al. 2007; He et al. 2008).

K soucasné 1écbé CML patii i intervence proti nddorovému mikroprostiedi
kostni dfené, protoze - jak bylo jiz uvedeno, kostni dien hraje vyznamnou roli v rustu a
proliferaci leukemickych bungk, ale také se ucastni procesu, které vedou ke vzniku
rezistence k ITK (Schmidt and Carmeliet 2011).

Endostatin (ES)
Objev endostatinu vroce 1997 byl dulezitym piinosem pro studium

angiogeneze. Mysi ES byl izolovan z bunék EOMA (OReilly et al. 1997). Nasledné byl
popsan lidsky ES (Standker et al. 1997). Poprvé tak bylo prokazano, ze proteiny ECM
(extracelularni matrix) se zapojuji do regulace angiogeneze (OReilly et al. 1997).
Kromé endostatinu 1 jiné proteolytické fragmenty ECM a bazalnich cévnich membran
hraji dulezitou roli jako inhibitory angiogeneze in vivo (Nyberg et al. 2005).

ES je fragment C- konce (NC-1 domény) kolagenu XVIII. Sklada se z 183-184
aminokyselin a jeho molekulova hmotnost je kolem 20 kDa. Kolagen XVIII obsahuje tfi
polypeptidové fetézce s tfemi NC-1-doménami, takZe z jedné molekuly kolagenu XVIII
mohou vzniknout téi molekuly ES.

ES inhibuje proliferaci a migraci endotelovych bunék a formovani cév. Jeho
inhibi¢ni aktivita je disledkem jeho vazby na mnohé receptory napi. na integrin osp;
(Sudhakar et al. 2003), heparin (Dixelius et al. 2000), vSechny typy heparan-sulfat-
proteoglykand (Sasaki et al. 1999) a vysokoafinitni receptor na povrchu endotelialnich
bunék (Karumanchi et al. 2001). Bunééna signalizace aktivovana ES v endotelialnich
bunikach vede k blokadé VEGF/VEGFR (Hajitou et al. 2002; Kim et al. 2002), inhibici
metalloproteinaz (Kim et al. 2000) a také ke snizené produkci c-Myc a cyklinu D1
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(Hanai et al. 2002; Shirichi and Hirata 2001). Signalni kaskady aktivované ES jsou
schématicky znazornény na Obr.6.

Na zvifecim modelu byla prokazana schopnost rekombinatniho ES efektivné
inhibovat angiogenezi, rdst nadoru a jeho metastazovani (OReilly et al. 1997,
Ramchandran et al. 2002; Hahnfeldt et al. 1999) a to bez vedlejsich uc¢inki, toxicity
nebo vzniku rezistence (Boehm et al. 1997). Byl také testovan s pozitivnim vysledkem u

pacientu se solidnimi nadory (Herbst et al. 2002).
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Obr.6: Signalni kaskida ES aktivovand v endotelialni burice zaméiena na sniZeni

produkce proangiogennich faktori (Abdollahi et al. 2004).
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SDF-1a (stromal derived factor-1a)/ CXCL12

SDF-1la patii do skupiny rozpustnych chemokinl. Pivodné byl popsan jako
protein zapojeny do lymfocytarni chemotaxe (Aiuti et al. 1997) a regulator
hematopoezy (Zou et al. 1998). Dnes je znamo, Ze se podili na velkém mnoZstvi
fyziologickych procesi.

Za fyziologickych podminek se tvoii v celé fadé organu jako je mozek, srdce,
ledviny, nadledvinky, jatra, plice, pficné pruhovana svalovina, lymfoidni organy a
kostni dieni (Raman et al. 2007; Kryczek et al. 2007). Hlavnimi producenty chemokinu
Vv téchto tkanich jsou endotelidlni buiiky, stromalni fibroblasty a osteoblasty (Kryczek et
al. 2007). SDF-1 je exprimovan zjednoho genu CXCL12, existuje vSak Sest
sestfihovych variant, které se liSi svou stabilitou a tkanovym puvodem. Vsechny
izoformy SDF-1 maji prvni tfi exony stejné, lisi se ve ¢tyfech nasledujicich (Cojoc M et
al. 2013). Jak bylo uvedeno vySe, SDF-la se produkuje v Sirokém spektru organd,
nicméné patii k sestfihové varianté SDF-1, kterd je velmi nestabilni a v krevnim ob¢hu
podléha velmi rychlé degradaci. Biologicka funkce SDF-1a je zprosttedkovana vazbou
na receptor CXCR4, ktery byl dlouho povazovan za jediny receptor pro SDF-la.
Nicméné nedavno se zjistilo, Ze je S to vazat se i na receptor CXCR7 (Burns et al. 2006;
Hattermann and Mentlein 2013).

Role osy CXCR4/SDF-1a byla také prokazana u nadorovych onemocnéni.
Vazba chemokinu na receptor CXCR4 hraje klicovou roli pii proliferaci a
metastazovani velkého poctu nadorovych onemocnéni (Zlotnik 2008; Furusato et al.
2010; Vandercappellen et al. 2008). Geny pro CXCR4 a SDF-1a jsou regulovany na
transkripéni urovni hladinou hypoxie. Byl prokazan piimy vliv HIF-la na aktivaci
exprese CXCR4 a SDF-1a (Zagzag et al. 2006; Ishikawa et al. 2009; Cronin et al.
2010). Pfitomnost receptoru CXCR4 na povrchu nadorovych bun€k vede k jejich
migraci, tedy k metastazovani do mist, kde je produkovan SDF-1a. U leukemie hraje
osa CXCRA4/SDF-1a klicovou roli v patogenezi nemoci. Interakce chemokinu
s receptorem vede k adhezi leukemickych bunék na buriky stromalni, coz pfispiva
k jejich sebeobnove, proliferaci a diferenciaci (Kittang et al. 2010). Vazba ligandu
SDF-1a na receptor CXCR4 indukuje chemotaxi leukemickych buné€k, kterd vede k
jejich migraci do mikroskopickych nik kostni difené. Komplex SDF-1a/CXCR4
ovlivituje drahy PI3K/Akt, MAPK néadorovych bunék, ¢imz se zvySuje potencial k
ptrezivani a dalsi proliferaci.
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Osa CXCR/SDF-1a ma také vliv na metastazovani a proliferaci nadorovych
bunék tim, ze pfispiva k nadorové angiogenezi. Stromalni fibroblasty, nékdy
oznacované jako CAF (carcinoma-associated fibroblasts), produkuji v mikroprostredi
nadoru SDF-1a a také MMP-1 a tim pfispivaji ke vzniku angiogeneze degradaci ECM.
Pasobi na endotelové progenitory, které migruji do mista nadoru a také prispivaji k

procesu angiogeneze (Cojoc M et al. 2013).
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Experimentalni ¢ast

Material a metody

Bunécné linie a media

Ve vétsiné experimentti byly pouzity suspenzni mysi (BALB/c) bunééné linie
B210 a 12B1. Buinky B210 byly odvozeny od BA/F3 bunék (mysi kmen BALB/C) a
byly transformované lidskym faznim genem bcr-abl pomoci retrovirového vektoru.
Produkuji protein P210°*" a maji snizenou expresi MHC | molekul. Zvyseni exprese
MHC | lze dosahnout kultivaci Vv pfitomnosti IFN-y a dochazi k ni i in vivo. Tyto
bunky nam laskavé poskytl G.Q. Daley z Whitehead Institute of Biochemical Research,
Cambridge, MA, USA. Po i.v. inokulaci indukuji u pokusnych zvifat leukemii, ktera je
Casto provazena parézou, celkovou schvacenosti zvifete, najezenim a smrti kolem
20. dne od podani davky (Sobotkova et al. 2005). Pii pitvé byla opakované prokazana
infiltrace nadorovymi buiikami V jatrech, sleziné¢ a také v miSe. PO s.c. podani se
leukemie neobjevi a zvifata zustavaji zdrava.

Buiky B210 a sublinie odvozené od nich (viz. nize) jsem Kkultivovala v mediu
RPMI-1640 (Sigma Aldrich Corp, St. Louis, MO, USA) dopInéném 10 % teplotné
inaktivovanym telecim fetalnim sérem (FCS —fetal calf serum) (PAA Laboratoriem,
Linz, Austria), 2 mmol/l glutaminu a antibiotiky. B210 bunky transfekované
endostatinem byly kultivovany v mediu doplnéném 15ug/ml blasticidinu (InvivoGen,
San Diego, CA, USA).

Bunky 12B1 byly odvozeny z kultury bunék kostni diené¢ mysi BALB/c
transdukci pomoci retrovirového vektoru nesouciho lidsky fazni gen bcr-abl. Tyto
buiiky produkuji protein P210°"® v mnozstvi srovnatelném s buitkami B210.
Buné¢nou liniil2B1 nam poskytl E. Katsanis, University of Arizona, Tuscon, AZ, USA.
Bunky 12B1 na rozdil od bun¢k B210 siln¢ exprimuji molekuly MHC 1 i bez kultivace
v pritomnosti IFN-y. Po iv. podani indukuji u laboratornich zvifat leukemii

S podobnymi symptomy, jaké vyvolavaji bunky B210, ale bez vyrazné infiltrace michy
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nadorovymi buiikami. Po i.v. podani jsou vSak pfiblizn¢ 100x virulentnéjsi nez buiky
B210. Krom toho po subkutanni inokulaci tvofi solidni nddory typu lymfomt (viz dale).
Podle doporuceni poskytovatele, jsem kultivovala bunky 12B1 v mediu RPMI-1640
dopInéném 10% tepelné inaktivovanym FCS, 1 mmol/L pyruvatem sodnym a 50 umol/Il
2-mercaptoethanolem. Odvozenou linie 12B1-GM-CSF jsem kultivovala v mediu s
15ug/ml blasticidinu.

Bunky HUVEC (Human umbilical-vein endothelial cells, Cascade, Biologics,
UK) jsem kultivovala v mediu M-200 doplnéném o LSGS (Low Serum Growth
Supplement) kit (Cascade Biologics, UK).

Bunééna linie TE2 odvozend od HPVI16-transformovanych bun¢k TC-1
produkujici endostatin (Lakatosova 2009) jsem kultivovala v mediu D-MEM (PAA
Laboratoriem, Linz, Austria), doplnéném 10 % tepelné¢ inaktivovanym FCS,
blasticidinem a antibiotiky (dale jen kompletni D-MEM medium).

Bunécnéd linie HelLa byla odvozena v 40. letech minulého stoleti z nadoru
délozniho hrdla. Tyto buiiky jsem kultivovala v kompletnim mediu D-MEM s 10 %
FCS.

Bunééna linie K562 byla odvozena od pacientky s diagn6zou CML v blastické
krizi. Produkuje protein Bcr-Abl. Bunky jsem kultivovala v kompletnim RPMI-1640
mediu s 10 % FCS.

Bunky 293T jsou linii odvozenou z lidskych embryonalnich ledvin a produkuji
T-antigen viru SV40. Jedna se 0 bunéénou linii, kterou Ize u¢inng transfekovat pomoci
kalciumfosfatové precipitace. Bunky jsem kultivovala v kompletnim mediu D-MEM
s 10 % FCS.

Suspenzni bunééna linie HL60 byla odvozena od pacientky s akutni
promyelocytarni leukemii. Bunky jsem kultivovala v RPMI mediu s10% FCS.
Neprodukuji P210°"!

Vsechny bunééné linie byly kultivovany pti 37 °C v5% CO, atmosfére.
V ptipadé pasazovani piisedlych bunéénych linii jsem pouzivala k odlouceni bunék od

povrchu kultivacni nadobky smeési versen-trypsin.
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Plazmidy
Pro elektroporaci jsem pouzila komeréni plazmid pBLAST49-mEndo

(InvivoGen, San Diego, CA, USA) nesouci gen pro mysi endostatin (ES) a gen pro
rezistenci k blasticidinu (Obr.7A).

Pro pfipravu naboji pro genovou pistoli (Gene Gun) jsem pouzila plazmid
pBSC/SDF-1a, ktery byl zkonstruovan Dr. Lucanskym na nasem oddé¢leni (Obr.7B).
Byl vytvoien zkomer¢niho plazmidu pUC57/SDF-la (GenScript, Piscataway, NJ,
USA), pteklonovanim genu do plazmidu pBSC. Na C konci ma piipojenou sekvenci
kodujici Flag.

Plazmid pBSC byl zkonstruovan na nagem oddéleni Dr. Smahelem (Smahel et
al. 2001) a v experimentech jsem jej pouzivala jako kontrolni plazmid.

Plazmid produkujici GFP pTR-UF2 jsem pouzila jako kontrolu uspé$nosti

elektroporace ¢i kalciumfosfatové precipitace.
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Obr.7: A) Plazmid pBLAST49-mEndo (InvivoGen, San Diego, CA, USA). B) Plazmid
pBSC/SDF-1a.

Pro pomnozeni plazmid jsem pouzivala bakterialni kmen Escherichia coli
XL1-blue. Bakterie jsem kultivovala v agaru LB a mediu LB pfes noc v termostatu nebo

ttepacce pii 37 °C v pfitomnosti ptisluSného antibiotika.
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Izolace plazmidu
Plazmidy z transformovanych bakterii kmene E. Coli XL-1 Blue jsem izolovala

ptes kolonu Qiagen Plasmid Maxi Kit anebo Qiagen Plasmid Giga Kit (Qiagen, Hilden,
Némecko). Pro kontrolni §t€peni plazmidl jsem uzivala restrikéni endonukleadzy Hindlll
a SMAI (New Englad Biolabs, Ipswich, MA, USA) pro plazmid obsahujici gen pro ES
a restrikéni endonukleazy BamHI a Notl (New Englad Biolabs, Ipswich, MA, USA) pro
plazmid obsahujici gen pro SDF-1a.

Urceni acinnosti blasticidinu

Pro posouzeni tspéSnosti transformace bylo potieba urcit toxicitu blasticidinu
pro rodi¢ovské bunky B210. Na 96-ti jamkovou desku (TPP, Trasadingen, Switzerland),
jsem napipetovala 0,2 ml kompletniho media RPMI-1640 s riznymi koncentracemi
blasticidinu (2pug/ml, 10pg/ml, 20pg/ml, 30pg/ml, 40pg/ml, 50pg/ml, 60pg/ml,
70ug/ml, 80ug/ml, 90ug/ml). Bunky jsem inkubovala v termostatu pii 37 °C, 5 % CO;,
po dobu 96 hod. Pro urceni poc¢tu zivych bunék jsem pouzila CellTiter 96® Aqueous
Non-Radioctive Cell Proliferation Assay (Promega, Madison, WI, USA). Metoda je
zalozena na kolorimetrickém stanoveni dehydrogenace MTS (3-(4,5-dimethylthiazol-2-
yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulphophenyl)-2H-tetrazolium), na formazan,
ktery je ve vodé rozpustny. Tato pieména probiha pouze v metabolicky aktivnich
burikach. Hodnota absorbance pti 490 nm odpovida pfimo imérné pocétu zivych bunék

V bunécéné kultufe.

Transfekce bunék elektroporaci
5x10° bungk B210 jsem resuspendovala v 500 ul elektroporacniho pufru.

Elektroporaénim pufrem bylo kompletni medium RPMI-1640 bez FCS. Bunéc¢nou
suspenzi jsem pienesla do elektroporacnich kyvet (Bio-Rad, Herkules, CA, USA). Po
pfidani 15pg plazmidové DNA, byly buniky v kyveté inkubovany po 10 minut pfi
laboratorni teploté. Po té byly bunky v kyveté vystaveny napéti 280 V, kapacitanci
1050 uF, pfi pokojové teploté v aparatufe Gene Pulser® Electroporation system (Bio-
Rad, Herkules, CA, USA). Po 10-ti minutové inkubaci pti laboratorni teploté jsem
bunky pienesla na kultivaéni misky s4 ml kompletniho media RPMI-1640. Po
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48 hodinach jsem transfekované buiiky pfenesla do selekéniho media obohaceného
blasticidenem o koncentraci 15 ug/ml. Produkce endostatinu jsem zjistovala metodou
Western blottingu (WB) (viz. nize).

Transfekce bunék pomoci kalciumfosfatové precipitace
Na Petriho misky o priméru 6 cm jsem nasadila 10° bungk 293T v 4 ml media

D-MEM. Piipravila jsem transfekéni precipitat (5 ug DNA, 180 ul H;0, 2,5 M CaCl, a
2xHEPES), ktery byl po 3 min. inkubaci pifidan na misky S buikami 293T.
Transfekované buriky jsem kultivovala po dobu 48 hod. pti 37 °C a 5 % CO,. Nasledné

jsem ovefila funkénost plazmidu pomoci WB.

Klonovani bunék
Transdukované bunky jsem natedila do finalni koncentrace 0,3 bunék / 0,2 ml

smési Cerstvého kompletniho media RPMI a filtrovaného ,,spent media“ v poméru 2:1.
Spent medium jsem ziskala filtraci z bunéénych kultur bun¢k B210. Buné¢nou suspenzi
jsem rozpipetovala do 96-ti jamkové desticky (TPP, Trasadingen, Switzerland) po
0,2 ml na jamku. Po 4 hodindch jsem si oznacila jamky obsahujici jednu buniku. Po
14 denni inkubaci jsem vytvofené suspenzni kultury ptenesla na kultivacni misky. Po
jejich dalsim namnoZeni a ovéfeni produkce endostatinu metodou WB byly takto

ziskané bunécné linie uloZeny v tekutém dusiku.

Piiprava vzorki pro WB

Pro detekci secernovaného ES metodou WB jsem buiiky v mnozstvi 1x10°
bunék v 5 ml kompletniho RPMI-1640 media nasadila na kultiva¢ni misky. Po 48 hod.
inkubaci jsem bunéénou suspenzi stocila pii 1200 rpm, 4 °C. Odebrany supernatant byl
koncentrovan 20X pouzitim centrifugacnich falkonek Amicon® Ultra (Merck Millipor,

Billerica, MA, USA). Koncetrovana media jsem smichala s lyza¢nim pufrem (LP)
(20 % glycerol, 10 % mercaptoethanol, 4 % SDS, 2 mM EDTA a 100 mM Tris pH=8)

vV poméru 1:5.
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Pro detekci ostatnich proteinii jsem pouzivala bunéénych lyzati ptislusnych
bunék. Bun&tné lyzaty jsem pripravovala z peletd 6x10° bungk v 300 ul vyse

uvedeného LP.

Izolace cytozolovych a nuklearnich extrakti pro WB
107 bungk jsem 2x promyla roztokem PBS. K peletiim jsem pfidala 5 pl pufru A

(10 mM HEPES, pH 7.9, 10 mM KCI, 5 ul Protease Inhibitor Coctail, Sigma Aldrich,
St. Louis, MO, USA, 200ul 10% IGEPAL Sigma Aldrich, St. Louis MO, USA).
Po 10 min. inkubaci pii laboratorni teploté jsem smés pievedla do vychlazenych
mikrozkumavek a centrifugovala pti 13 000xg, 3 min. pii 4 °C. Supernatant (extrakt
cytozolu) jsem odsala a ulozila pfi -70 °C pro dalsi pouziti. Zbyly pelet jsem
resuspendovala v 150 ul pufru B (20 mM HEPES, pH 7.9, 0,4 M NaCl, 1 mM EDTA
a 10 % glycerol, 1 ul Protease Inhibitor Coctail). Mix jsem inkubovala na tfepacce
2 hod., pti 4 °C. Nuklearni extrakt byl izolovan po centrifugaci pii 13 000xg, 5 min.,
pii4°C a uchovan pii -70 °C. Pro urceni koncentrace proteinii byla pouzita

Bradfordova metoda (Bio-Rad Protein Assay, Bio-Rad, Hercules, CA, USA).

WB

Pro testovani produkce proteinti jednotlivymi bunécnymi liniemi jsem pouzila
ptipravené lyzaty. Pro proteiny o m.h. < 20 kDa jsem pouzila gely sobsahem
akrylamidu 17-20 %, pro proteiny o m.h. < 100 kDa, gely s obsahem akrylamidu
10-15 % a pro proteiny o m.h. > 100 kDa gely s obsahem akrylamidu 7 %.

Testované vzorky jsem nafedila v 4XLB v poméru 1:3, denaturovala po dobu
5 min., pii teploté¢ 98 °C v GeneQ Thermal Cycleru (Bulldog Bio, Portsmouth, NH,
USA) a po té je nanesla na piislusny gel v aparatuie s elektrolytem (Tris base, glycin,
10 % SDS, H,0). Proteiny byly obvykle separovany 60 min. pfi konstantnim proudu
20 mA vroztoku tankového pufru. Po ukonéeni proteinové separace jsem gel
inkubovala 20 minut pii laboratorni teploté¢ v roztoku TGM (Tris-base, glycin,
methanol, H,0). Membrana PVDF byla ekvilibrovana po dobu 1 min. v roztoku
koncentrovaného methanolu, 5 min. v ultraéist¢é H,O a 10 min. v roztoku TGM. Pro

blotovani jsem pouzila Semi Dry Blotter Biometra (Schoeller Instruments). Blotovani
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probihalo pii konstatnim stejnosmérném proudu 40 mA po dobu 60 min. Po ukonceni

blotovani jsem membranu PVDF omyla roztokem PBS a blokovala volna mista 10 %

roztokem odtu¢néného mléka po dobu 60 min. pfi laboratorni teploté. Po blokaci byla

membrana inkubovana s primarni protilatkou (viz. Tab. 2) v pfislusném fedéni, 60 min.

pfi laboratorni teplot¢ a dale pak pii 4 °C pfes noc. Druhy den jsem membranu

inkubovala se sekundarni protilatkou znacenou HRP (horseradish peroxidase).

Chemiluminiscentni reakce byla vizualizovana kitem ECL Plus Western Blotting

Detection System (GE Health Biosciences, PA, USA) s pouzitim filmi Amersham
Hyperfilm™ ECL (GE Health Biosciences, PA, USA).

Tab. 2: Ptehled primarnich a sekundarnich protilatek pouzitych ve WB

Protein Primarni protilatka Sekundarni protilatka Blokovani
Polyclonal rabbit HRP-linked donkey anti-rabbit
ARK-1 - 1gG (Amersham Biosciences, 10% odtu¢néné mléko
(Santa Cruz Biotechnology, UK)
Inc., USA)
Polyclonal raobit HRP-linked donkey anti-rabbit
- o 1
ADRP (Santa Cruz Biotechnology, [o[€] (AmershSnK’l)Blosuences, 10% odtu¢néné mléko
Inc., USA)
MAOtl)JIS?NrIr; ?Qscggfr:]gp; ('jtc HRP-linked anti-mouse 1gG
Ber-Abl Gern”lan ) ' antibody (GE Healthcare 10% odtu¢néné mléko
y Biosciences, PA, USA)
Ggﬁzi?gll\)//chlcégal HRP-linked donkey anti-goat
CML66 - 1gG (Santa Cruz 10% odtu¢néné mléko
(Santa Cruz Biotechnology, Biotechnology, Inc., USA)
Inc., USA) L
Rab;)r::if)gk/clggnal HRP-linked donkey anti-rabbit
L o N
CAIX (Santa Cruz Biotechnology, 19G (AmershSE)Blosuences, 10% odtu¢néné mléko
Inc., USA)
arﬁi(ilgtRp:\:\%(I:Eki?lfelz-l HRP-linked donkey anti-goat
PRAME like-1 : 19G (Santa Cruz 10% odtu¢néné mléko
(Santa Cruz Biotechnology, Biotechnology, Inc., USA)
Inc., USA) L
Polyclonal rabbit anti-Pr-3 HRP-linked donkey anti-rabbit
Pr-3 (Santa Cruz Biotechnology, 1gG (Amersham Biosciences, 10% odtu¢né&né mléko
Inc., USA) UK)
Goat polyclonal anti-PD1 HRP-linked donkey anti-goat
PD-1 (Santa Cruz Biotechnology, 1gG (Santa Cruz 10% odtuénéné mléko
Inc., USA) Biotechnology, Inc., USA)
Polyclonal rabbit anti-TERT | HRP-linked donkey anti-rabbit
TERT (Santa Cruz Biotechnology, 1gG (Amersham Biosciences, 10% odtu¢né&né mléko
Inc., USA) UK)
G;)r?tti?stalryvcilvoirr:al HRP-linked donkey anti-goat
survivin : 19G (Santa Cruz 10% odtuénéné mléko
(Santa Cruz Biotechnology, Biotec%mo(logy Inc., USA) o o¢tu
Inc., USA) o
i%?;_gﬂgg[ﬁ; : HRP-linked donkey anti-goat
- o A 1a
Nm23-H2 (Santa Cruz Biotechnology, BiOteIc%](io(lf)Zr;/taﬁguzusA) 10% odtu¢néné mléko
Inc., USA) e

57




MOL;snetimE?:Io;Ional HRP-linked anti-mouse 1gG
- -BCi=X, . o 1.
Bel-x (Santa Cruz Biotechnology, (GE Healérzaﬁslij\(;smences, 10% odtuénéné mléko
Inc., USA) '
Mo:rs]ttei_rr_'ogsglgnal HRP-linked anti-mouse 19G
. o A 1s
Hsp70 (Santa Cruz Biotechnology, anpbogjy (GE Healthcare 10% odtu¢néné mléko
Biosciences, PA, USA)
Inc., USA)
Rﬁﬁ?ﬁggﬁgg:ﬁgl HRP-linked donkey anti-rabbit
cathepsin G (Santa Cruz Biotechnology, 1gG (AmershSE)Blosmences, 10% odtu¢néné mléko
Inc., USA)
anti?Ramtl\/lml\(/)ln(?p:?trc])?#ics HRP-linked donkey anti-rabbit
RHAMM Burlingame, CA, USA) 1gG (AmershSrlE)Blosmences, 10% odtuénéné mléko
Rab;’r::if’g_'z\‘#”a' HRP-linked donkey anti-rabbit
Wit-1 (Santa Cruz Biotechnology, 1gG (AmershSE)Blosmences, 10% odtu¢néné mléko
Inc., USA)
Mouse monoclonal- HRP-linked anti-mouse 1gG
SPAGY anti-JIP-4 (Santa Cruz antibody (GE Healthcare 10% odtu¢néné mléko
Biotechnology, Inc., USA) Biosciences, PA, USA
Rapbll poyclonal HRP-linked donkey anti-rabbit
L o NN
CXCR4 (Amersham Biosciences, [o]€] (AmershSrQ)Blosuences, 10% odtu¢néné mléko
Little Chalfont, UK)
Mouse monoclonal-anti Flag HRP-linked anti-mouse 1gG
Flag (Amersham Biosciences, antibody (GE Healthcare 10% odtu¢néné mléko
Little Chalfont, UK) Biosciences, PA, USA)
Polyclonal goat anti-ES HRP-linked donkey anti-goat
endostatin (Sigma, St. Louis, MO, 1gG (Santa Cruz 10% odtu¢néné mléko
USA) Biotechnology, Inc., USA)
N HRP-linked donkey anti-rabbit
Polyclonal rabbit anti-IL-1a A o i 1s
IL-1a (Abcam, Cambridge, UK) [o]€] (AmershSrQ)Blosuences, 10% odtuénéné mléko
Mogztteim'olr;cjtl:fnal HRP-linked anti-mouse 1gG
HIF-1a - - antibody (GE Healthcare 10% odtuénéné mléko
(Sigma, St. Louis, MO, Biosciences, PA, USA)
USA) o
Mouse monoclonal HRP-linked anti-mouse 1gG
B-tubulin anti-p tubulin (Sigma, St. antibody (GE Healthcare 10% odtuénéné mléko
Louis, MO, USA) Biosciences, PA, USA)

VySetieni pritomnosti bunéénych proteint pracovniky firmy Kinexus

Pro vySetfeni pfitomnosti a mnozstvi 800 bunécnych signalnich proteinl
v bun&énych liniich B210 a 12B1 bylo vyuzito sluzeb firmy Kinexus, tzv. Kinex ™
Antibody Microarray Services (Kinexus, Vancouver, Canada). Bunécné pelety byly
lyzovany v pufru slozeném z 20 mM MOPS, pH 7.0, 2 mM EGTA, 5 mM EDTA,
30mM NaF, 60 mM p-glycerofosfatu, pH 7.2, 20 mM pyrofosfatu sodného,
1 mM orthovanadu sodného a 1 % Triton X-100. Set proteinti zahrnoval 193 protein-
kinaz, 24 fosfataz, 150 regula¢nich podjednotek téchto enzymi a dalSich 433 signalnich
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proteint regulujicich proliferaci, reakci na stres a apoptozu. Prislusny servis zahrnoval
jesté potvrzeni pifitomnosti 18 proteini vybranych na zakladé vysledkt protilatkové
microarray pomoci WB. Pro analyzu bunéénych lyzati bylo vyuzito kvalitativniho a
semi-kvantitativniho multi-blottingu. Pro vizualizaci a semi-kvantitativni detekci bylo

vyuzito chemiluminiscentniho signélu.

Proliferacni test s buiikkami HUVEC-testovani biologické aktivity ES
Pro test jsem pouzila 20xkoncentrovana media z kultur bunék B210 a B210/E

(ES-produkujicich B210, viz nize). Buiiky B210 a B210/E v mnozstvi 10° jsem
inkubovala v5 ml RPMI media na 6 cm-miskach po 48 hod. Poté jsem bunécnou
suspenzi stoCila pti 1200 rpm a odebrala supernatant pro koncentrovani obsahu ES (viz.
piiprava vzorkdi pro WB). Buitky HUVEC jsem napipetovala v mnozstvi 2x10° a
v objemu 100 pl media M200 do 96-ti jamkové desky. Po jednodenni inkubaci jsem
medium odsala a do jamek pfidala Cerstvé medium M200 (90 ul) a koncentrované
medium z testovanych bunécnych kultur (10 ul). Smés medii byla vzdy po 24 hod.
inkubaci vyménéna za Cerstvou. Proliferaci bunék HUVEC jsem testovala po 5-ti denni
kultivaci za pomoci neradioaktivniho kitu Cell Titer 96R® AQueous Non-Radioactive
Cell Proliferation Assay (Promega, Madison, WI, USA). Rist bunék HUVEC v jejich
standartnim mediu, v mediu obohaceném o koncentrované medium z B210 a v mediu

s koncentratem media bun¢k B210/E, jsem testovala v 24, 32, a 32 paralelach.

ELISA

Pro stanoveni proteinii v plazm¢é mysi jsem vyuzila komeréni soupravu testu
ELISA pro ES, ozna¢eného jako ELISA Kit for ES (Uscn Life Science, Wuhan, Cina).
Pii stanoveni hladiny SDF-la v biologickém materidlu jsem vyuzila soupravu
CXCL12/SDF-1a ELISA kit (Cell Sciences, Canton, MA, USA). Pti provadéni testd
bylo postupovano dle pokynii vyrobce.

Experimenty na zviratech
Ve vSech pokusech byly pouzity laboratorni mysi-samice kmene BALB/c ve

véku 6-8 tydnt (Charles Rivers), se standardni dietou a ustajenim Vv konvenénich
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chovech (Centrum biomodelt, 1. LF UK). VSechny pokusy provadéné na zvitatech byly
v souladu s legislativou platnou v CR.

V piipadé¢ pouziti bunécnych linii pro i.v. a s.c. podani, vzdy §lo o 3. pasaz po
rozmrazeni bunék. V ptipad¢ transdukovanych bun¢k byla vzdy pred inokulaci ovéfena
produkce ES v koncentrovanych mediich kultur bunék urcenych pro aplikaci. Pred
inokulaci byly bunky 3x promyty v roztoku PBS. Objemy aplikované zvifatim byly
0,2 ml na davku.

Vsechna zvitata byla po ukonceni pokusu huméanné usmrcena predavkovanim
inhala¢nim anestetikem (Narcotan, Zentiva, CR).

Pti pitvé zvitat byla diikladné prozkouména dutina bfiSni i hrudni. Pro nasledné
histologické a imunohistochemické vysetfeni byly odebrané vzorky organt a tkani
pfeneseny do pufrovaného formalinu a az do vySetieni uloZeny pii 4 °C.

Krev ziskavana intrakardialni punkci byla pfidana do mikrozkumavky
s heparinem. Smés byla stoCena pii 13000xg, 4 °C, 10 min. Odebrany supernatant
(plazma) byl ulozen pii -70 °C.

Test onkogenniho potencialu bunék produkujicich ES

Mysi byly inokulovany kontrolnimi buikami B210 a bunikami transdukovanymi
produkci ES. Bunééné linie byly aplikovany pokusnym zvifatlim i.v. v davce 10°, 5x10°

a 10°. Prezivajici zvifata byla sledovana po dobu 75 dni.

Intramuskularni podani plazmidu obsahujici gen pro ES

Pokusnym zvifatim jsem inokulovala plazmid nesouci gen pro ES v davce
200 pg, v 0,2 ml 10 % roztoku PVP o pH=5. Po 7 dnech byla i.m. podéna druha davka.
Jako kontrola slouzila skupina zvifat, kterym jsem inokulovala ,prdzdny* plazmid
pBSC. V 14. dnu byla my3im aplikovéana davka 10° bungk B210. Mysim byly odebrany
vzorky plazmy v den 7 a 14 pro stanoveni hladiny ES.
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Inokulace plazmidu kédujiciho SDF-1a genovou pistoli (Gene Gun)
experimentalnim zvifatiim

Metoda gene gun je zaloZena na biobalistické stiele DNA c¢astic navazanych na
zlato. Pod tlakem helia 0 400 psi, je vstielena davka obsahujici 1pg DNA do podkozi
pokusnych zvifat v mist¢ oholené biiSni oblasti. Zvifatim byla aplikovana 1 nebo 3
davky naboji s plazmidem kodujicim gen pro SDF-lo. Prfislusné davky jsou vzdy

uvedeny v sekci vysledky u jednotlivych pokusi. Jako kontrola slouzil plazmid pBSC.

IR
O =, —> 2305t —> [ i07NE
Ry 0

Precipitate DNA Load DNA/gold Rotate tubing to coat DNA/gold Cut tubing into cartridges
onto goid particies into tuding over inside surface

_.F‘” —

Load cartridges Deliver DNA into
into gene gun target cells

Obr.8: Schéma vyroby nadbojii pro DNA vakcinaci pomoci metody Gene Gun

(www.biorad.com) a jeji aplikace pokusnému zvireti (Lin et al. 2000).

PFiprava naboja pro Gene Gun

K navazenym zlatym ¢asticim (25 mg na zkumavku) bylo pfidano100 pl 0.05 M
roztoku spermidinu. Smés byla vortexovana po dobu 5 sekund (S) a nasledné
sonikovana po dobu 3-5 s. K smési byl pfidan ptislusny plazmid v koncentraci 1 pg/ul
(50 pl). Smés byla opét vortexovana po dobu 5 s. Po té bylo ptidano 100 pl 1 M roztoku

CaCl,. Po 10 min. inkubaci pii laboratorni teploté, byla smés stoena na
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mikrocentrifuze a odsat supernatant. Pelet byl 3x promyt v roztoku 100% ethanolu a
resuspendovan v PVP (0,05 mg/ml). Vznikla suspenze pak byla pouzita pro ptipravu
naboji. Byla pienesena do plastové hadicky, v niz se pevna ¢ast usadi na stén¢ hadicky.
Kapalna slozka smési byla odsata pomoci peristaltické pumpy. Zlaté Céstice
s navazanou DNA byly rotaci hadi¢ky rovnomérné pokryty po celém jejim obvodu a
vysuseny plynnym dusikem. Z takto upravené hadi¢ky se za pomoci gilotinky Tubing
cutter (Bio-Rad) pfipravi naboje o délce 1 cm. Takto pfipravené naboje obsahuji

piiblizné¢ 1pg plazmidu navézaného na 0,5 pg Au.

Histologicka a imunohistologicka vySetieni

Vysetieni byla provadéna ve spolupraci s pracovniky Ustavu patologie 1. LF UK
a VFN. Vzorky nadori a tkani byly bezprostfedné po pitvé ulozeny do 10 %
pufrované¢ho formalinu (v PBS). Vzorky tkani byly zality do parafinu. Parafinové
blo¢ky byly nakrajeny na 3-5 um silné kousky, za pouziti mikrotomu Leova. Parafin byl

ze vzorkll odmyt za pomoci ethanolu a xylenu a vzorky byly obarveny hematoxylin-

eosinem (Dako, Carpinteria, CA, USA).

Fluorescen¢ni hybridizace in situ (FISH) byla provedena na deparafinovanych
vzorcich, které byly inkubovany s thiokyanatem sodnym (Sigma-Aldrich, Sigma, St.
Louis, MO, USA) a po té 75 min. s proteazou II (3mg v 40 ml PBS, pH < 2,0, Abbot
Molecular, IL, USA). Nakonec byly vzorky fixovany v pufrovaném formalinu (v PBS).
Pro detekci fiazniho genu bcr-abl bylo pouzito sondy LSI BCR/ABL Dual Color, Dual
Fusion Translocation Probe (Abbot Molecular, IL, USA). Fluorescenéni signal byl

detekovan pomoci mikroskopu Olympus ProVis XC70.

Statistické vyhodnoceni
Prism Software Version 5.0 (Graph-Pad Software, San Diego, CA, USA) byl

vyuZit pfi zpracovani statistickych dat. Logrank test byl pouzit pii statistickém
hodnoceni pokust na zvitatech. Vysledky ziskané in vitro byly vyhodnoceny ANOVA

testem.
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Vysledky

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

které byly transformovany fuznim genem bcr-abl a produkuji protein Bcer-
Abl

Zikladni charakteristiky bunék B210 a 12B1

V tomto projektu §lo o vysetieni proteomového profilu bunék linii B210 a 12B1
zjisténé rozdily v chovani obou linii shrnuje Tab. 3. Podle exprese povrchovych
molekul CD10, CD19 a AA4.1 byly bunky B210 klasifikovany jako pro-B a bunky
12B1 jako pre-B. Po i.v. inokulaci jsou bunky 12B1 asi 100x u¢inngjsi pii vyvolani

leukemie nez buiiky B210 a navic indukuji po s.c. podani solidni nadory.

Tab. 3: Porovnani vybranych vlastnosti bun¢k B210 a 12B1

B210 12B1
Diferencia¢ni stadium pro-B pre-B
Vznik leukemie po i.v.
ano ano
podéni
TIDso po i.v. podani 5x10” bunék 1x10? bunek
Vznik nadoru po s.c.
ne ano
podéni
TIDsg po s.c. podani 10%° bungk
Exprese MHC | ne vysoka

Imunogennost siln€¢ imunogenni slab¢ imunogenni

63



Zhodnoceni vysledki vySetieni zadaného u firmy Kinexus

Celkem bylo testovano 800 signalnich proteinti. Vyznamny rozdil v produkci
proteinti v lyzatech bunék B210 a 12B1 byl detekovan v 31 ptipadech. Vysledky jsou
shrnuty v Tab. 4. Nejvyznamnéjs$imi rozdily byly podstatné zvySena produkce
integrinu B1 buiitkami 12B1 a nadmérna produkce kaspaz (jmenovit¢ CASP6 a CASP7)
buikami B210. Vyznamné zvySend produkce v buiikdch 12B1 byla rovnéz zjisténa
Vv ptipadé proteini Vrkl, STK33, PKM2, IRAK3, TIkl, MARK, Btk, FAK, IKKa,
ZAP70 a JNK2/3 zatimco v buiikach B210 tomu tak bylo v pfipadé proteini CASP2,
CAMK2, p38aMAPK, p38y MAPK, CAMK2y, Hsp27, CAMKK, mTOR, CASPS,
Hsp90, Hsp90p, Histone H2A. X, CAMK4, Hsp90a, Erk2 a Erb2 (Her2).
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Tab. 4: Souhrn vysledkii dosazenych pii paralelnim vysetfeni

B210 pomoci protilatkovych mikroarrayi.

lyzath bunék 12BI1 a

12B1 Z B210 Z
Integrin B1 5,94 CASP2 -1,21
Vrkl 2,13 CAMK2p -1,26
STK33 1,93 p38a MAPK -1,31
PKM2 1,73 CAMK2y -1,31
IRAK3 1,60 Hsp27 -1,33
Tkl 1,58 CAMKK (CAMKK?2) -1,35
MARK 1,45 MTOR (FRAP) -1,40
Btk 1,43 p38y MAPK (Erk6) -1,47
FAK 1,42 CASP5 -1,59
IKKa 1,38 Hsp90 -1,65
ZAPT0 1,29 p38a MAPK -1,68
JINK2/3 1,25 Hsp90p -1,90
Histone H2A.X -2,08
CAMKA4 -2,28
Hsp90a. -2,30
Erk2 -2,66
ErbB2 (HER2) -2,71
CASP6 -2,90
CASP7 -3,21

V levém sloupci jsou uvedeny proteiny, které byly pfitomny v statisticky vyznamné vys$$§im mnozstvi

Vv lyzatech bunék 12B1, v pravém jsou uvedeny proteiny, které byly piitomny ve vyznamné vyS$§im

mnozstvi v lyzatech z bunék B210. Ciselnd hodnota je Z skore, které udava statisticky vyznamné rozdily

mezi vySetfovanymi bufikami. Skore Z pro dany protein v bufikach 12B1 jsou prezentovana formou

kladnych hodnot.
hodnot.

Skore Z pro dany protein v bunkach B210 jsou prezentovana formou zapornych
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Podle vysledkt proteinovych arrayid bylo vybrano 18 proteinti pro vySetfeni
pomoci WB. Pocet téchto vysetfeni byl omezen smluvnimi podminkami s firmou
Kinexus. Pro WB jsem vybrala proteiny s nejvyssimi kladnymi a zapornymi hodnotami
Z. Z vysledkt uvedenych v Grafu 1 vyplyva, Ze vysledky protilatkovych arrayt byly
potvrzeny pouze u ¢asti proteinti, a to integrinu f1 u bunék 12B1 a kaspaz, MAPKp38,
ERK2, Histone H2A.X a Hsp90 u bunék B210. V nékolika piipadech nebyly proteiny
pfitomny v mnozstvi prokazatelném ve WB. Piekvapivé byly vysledky u dvou proteinti.
Prvnim byl CAMKA4. V jeho pifipadé vysledky mikroarrayi naznacovaly vyS$si hladiny
v bunkach B210, ale ve spolehlivéjsim WB byl prokazan pouze v buikach 12B1.
V ptipad¢ proteinu PKM2 tomu bylo pravé naopak. Porovnani vysledkit mikroarrayt a

WB je v Tab. 5.
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Graf 1: Srovnani mnozstvi jednotlivych testovanych proteinii V lyzatech bunek B210 a
12B1 metodou WB. Rozdily v zjisteném mnoZstvi jsou uddvany v procentech. Modré
sloupce oznacuji hladiny proteinu v lyzatech linie B210, Cervené sloupce oznacuji
hladiny proteinii v lyzatech linie 12B1. V pripadée CASP5 byly testoviny dva riizné
epitopy proteinu, v pripadé MAPK dvé riizné izoformy. CPM (counts per minute) uddva
silu prouzku, ktery byl skenovin u vsech proteinii po dobu 60 sekund. Intenzita prouzku
byla vypoctena jako plocha pod krivkou jeho intenzity. Jednotky této veliciny byly udany

Jjako intenzita xmm.
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Tab. 5: Srovnani vysledku proteinové arraye a WB

I . Z ratioV B210 | 12B1
Cileny protein Zkratka (12B1/B210) WB 2 2)
Integrin f1 Integrin 1 5,94 ano + ++
Vaccinia related protein-serine kinase 1 Vrkl 2,13 ano 0 0
FLJ35932 protein-serine kinase STK33 1,93 ano 0 0
Pyruvate kinase, isozymes M1/M2 PKM?2 1,73 ano ++ +
Interleukin 1 receptor-associated kinase 3 IRAK3 1,60 ano 0 0
Tousled-like protein-serine kinase 1 TIk1 1,58 ano 0 0
MAP/microtubule affln_lty-regulatlng protein-serine MARK 145 ano + +
kinase 1
Bruton's agammaglobulinemia tyrosine kinase Btk 1,43 ano 0 0
Focal adhesion protein-tyrosine kinase FAK 1,42 ne
Inhibitor of NF-kappa-B protein-serine kinase alpha IKKa 1,38 ne
Zeta-chain (TCR) associated protein-tyrosine kinase, ZAP70 1.29 ne
70 kDa
Jun N-terminus protein-serine kinase (stress-activated INK2/3 195 ne
protein kinase (SAPKa/b)) 2/3 '
Pro-caspase 2 CASP2 -1,21 ne
Calcium/calmodulin-dependent protein-serine kinase CAMK2B 126 ne
2 beta
Mitogen-activated protein-serine kinase p38 alpha p38a MAPK -1,31 ne
Calcium/calmodulin-dependent protein-serine kinase CAMK2y 131 ne
2 gamma
Heat shock 27 kDa protein Hsp27 -1,33 ne
Calcium/calmodulin-dependent protein-serine kinase CAMKK 135 ne
kinase (CAMKK?2) '
Mammalian target of rapamycin (FRAP) mTOR (FRAP) -1,40 ne
Mitogen-activated protein-serine kinase p38 gamma p38y MAPK -1,47 ano | ++++ 0
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i . Z ratio” B210 12B1
Cileny protein Zkratka (12B1/B210) WB 2) 2)
+++ +
Caspase 5 CASP5 -1,59 ano ++++ +
I(p20) | /(p20)
Heat shock 90 kDa protein alpha/beta Hsp90 -1,65 ano ++++ +++
Mitogen-activated p;rlgtﬁ;n-serme kinase p38 p38a MAPK 168 ano i +
Heat shock 90 kDa protein beta Hsp90B -1,90 ano ++ +
. . Histone
Histone H2A variant X H2A X -2,08 ano + 0
Calmum/calmodulm_—dependent protein-serine CAMKA 228 ano 0 ot
kinase 4
Heat shock 90 kDa protein alpha Hsp90a -2,30 ne
Extracellular regulated protein-serine kinase 2 Erk2 -2,66 ano A ++
L ErbB2
ErbB2 (Neu) receptor-tyrosine kinase (HER2) -2,71 ano 0 0
Pro-caspase 6 CASP6 -2,90 ne
Pro-caspase 7 CASP7 -3,21 ano + 0

1) hodnoty ,,Z ratio” bez znaménka udavaji , ze piislusného proteinu bylo zjisténo signifikantné vice

v bunkach 12B1, hodnoty se znaménkem — udavaji, Ze ptislusného proteinu bylo zjisténo vyznamné vice

v bunikach B210; ¢iselna hodnota udava velikost rozdilu

2) znaménka + a7z ++++udavaji intenzitu pozitivni reakce
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Detekce vybranych proteini pomoci \WB

Produkci dal$ich vybranych proteinti, o kterych je zndmo, ze jsou piitomny
v lidskych bunkach CML, jsem testovala pomoci WB. Jak je vidét na Obr.9, proteiny
ADRP, ARK-1, Bcl-x, a RHAMM byly silné produkovany v buiikach B210 i 12B1, a

to ptiblizné€ ve stejném mnoZzstvi.

ADRP (48 kDa) Bcl-x, (30 kDa)
— e — Rl =
HeLa B210 12B1 HeLa B210 12B1
ARK-1 (46 kDa) RHAMM (85 kDa)
N—
» -
HeLa B210 12B1 K562 B210 12B1

Obr.9: Produkce proteinit ADRP, ARK-1, Bcl-x, a RHAMM v bunécnych linii B210 a
12B1. Jako pozitivai kontrola slouzil lyzat bunék HeLa a lyzat bunék K562 u proteinu
RHAMM. Stejny vysledek jsem ziskala ve trech opakovanych pokusech.
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V piipad¢ proteini CML66, Hsp70 a PD-1 byla detekovana relativné nizka produkce
bez vyznamnych rozdilti mezi linii B210 a 12B1.

CML66 (66 kDa)

HeLa B210 12BI

Hsp70 (70 kDa)

HeLa B210 12Bl

PD-1 (55 kDa)

=

HeLa B210 12BI

Obr.10: Produkce proteiniit CML66, Hsp70 a PD1 v bunécnych linii B210 a 12B1. Jako

porzitivni kontrola slouzil lyzat bunek HeLa. Stejny vysledek jsem ziskala ve trech

pokusech.
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V dalsich pokusech jsem testovala produkci proteinti CAIX, Nm23-H2 s SPAG9
Vv lyzatech bun¢k B210 a 12B1. Vysledky jsou uvedeny v Obr.11. Je patrné, ze
produkce CAIX je vyznamné vyssi v piipadé bunék 12B1. Produkce Nm23-H2 proteinu
byla naopak vyssi u linie B210. V lyzatu bun¢k B210 byl navic detekovan prouzek 0
molekulové vaze kolem 45 kDa. Produkce proteinu SPAG9 byla u linie B210 vyssi nez
u linie 12B1.

CAIX (58 kDa)

=

' - — “ g
HelLa  B210 12B1

nm23-H2 (16 kDa)

'.‘ | ~—

HeLa B210 12B1

SPAGY (128kDa)

HeLa  B210 12B1

Obr.11: Produkce proteinii CAIX, Nm23-H2 a SPAG9 v bunécnych linii B210 a 12B1.
Jako pozitivni kontrola slouzil lyzat bunék HeLa. Stejny vysledek jsem ziskala ve tiech

opakovanych pokusech.
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Piekvapivé pod hranici detekce pomoci WB byly proteiny TERT, Pr-3, Wt-1, cathepsin

G, survivin, a PRAME-like 1 (viz. souhrn v Tab. 6), jejichz pfitomnost je prokazovana

Vv lidskych bunikach CML.

Tab. 6: Seznam proteind, jejichZ pfitomnost nebyla prokazana pomoci WB.

Cilovy protein Detekce WB
cathepsin G negativni
Pr-3 negativni
PRAME-likel negativni
survivin negativni
TERT negativni
WT-1 negativni
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Projekt 2: Priprava a vyzkouSeni vakciny zbunék geneticky

modifikovanych tak, aby exprimovaly mySi gen pro endostatin

Uréeni ucinnosti blasticidinu

Pro ur¢eni optimalni koncentrace blasticidinu v selekénim mediu pfed samotnym
elektroporacnim experimentem jsem nejprve otestovala vnimavost bunek B210
k u¢inku blasticidinu (Graf 2).

2.0

1.5+

S
a 1.0 -8~ 12B1 GMC-SF
o
-& B210
0.5+
0.0 T
-1 0 1 2
log c

Graf 2: Urceni vnimavosti bunek B210 k blasticidinu. Jako kontrolu jsem pouzila
bunécnou linii 12B1GM-CSF, kterd exprimuje gen pro blasticidinovou rezistenci.

Optimalni  koncentrace pro selekci transdukovanych bunék byla stanovena

EC100=15,ug/ml.

74



WB

Jako kontrola pii selekci transdukovanych bunék slouzila suspenze
netransfekovanych bunék, které zanikly béhem 10 dnd péstovani v selek¢nim mediu
s antibiotikem. Po elektroporaci bunék B210 plazmidem obsahujicim gen pro mysi ES a
blasticidinovou rezistenci, byly buiiky kultivovany v pfitomnosti blasticidinu. Lyzaty
bun¢k pestovanych v ptitomnosti blasticidinu byly testovany na pfitomnost ES metodou

WB (Obr.12).

TE2 B210 B210/E

"

Obr.12: Produkce ES v transdukovanych buiikach B210/E ovérena WB. Materska linie

B210 byla transfekovana plazmidem nesoucim gen pro mysi ES a blasticidinovou
rezistenci. Transdukované bunky jsem izolovala v pritomnosti blasticidinu. Bunky TE2

slouzily jako pozitivni kontrola, materské bunky B210 jako negativni kontrola.
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Po detekci ES v transfekované bunééné kultuie, byly bunky klonovany. Bylo
ziskano celkem 10 klonti, které jsem opét testovala na produkci ES. Koncentrovana
media z bunéénych linii klont byla pozitivni na ES ve WB pouze v 6-ti ptipadech. Pro
dalsi testovani jsem vybrala klon s nejnizsi (klon B210/E3) a klon s nejvyssi produkei
ES (B210/E2). Vysledky jsou na Obr.13. Pii testovani genetické stability téchto
bunéénych klont jsem prokazala, ze produkce ES zistava piiblizné stejna, tj. bud’

vysoka, nebo nebo nizka, nejméné do 15 pasaze.

TE 2 B210 B210/E2 B210/E3

. . . «—20kDa ES

Obr.13: Produkce ES v transdukovanych bunkdach B210/E2 a B210E/3 ovérena WB.
V blotech jsem testovala 20x koncentrovand media z kultur prislusnych bunécnych linii.
Bunky TE2 slouzily jako pozitivni kontrola, materské bunky B210 jako negativni
kontrola
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Proliferacni test s butikami HUVEC : testovani biologické aktivity ES

Pied zapocetim experimenti na zvifatech bylo nutné provéfit biologickou

aktivitu ES produkovaného transdukovanymi

bunikami.

jsem uzila

koncentrovana media bunék B210 a B210/E2. Optickou denzitu bun¢k HUVEC

péstovanych v M200 jsem povazovala za 100%. Z vysledkd uvedenych v Grafu 3 je

ziejmé, ze medium M200 obohacené o koncentrat z kultur bunék produkujicich ES

potlacuje proliferaci bunék HUVEC (p>0.001).

1.0+

0.8+

0.64

oD

0.4+

0.24
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Graf 3: Biologicka aktivita ES produkovaného transdukovanymii buiikami. Buiiky
HUVEC v mediu M200, v mediu M200 obohaceném o koncentrat media z kultur

materskych bunek B210 (M200+B210) nebo 0 koncentrdt z kultur transdukovanych

bunék B210/E2 (M200+B210/E2).
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WB

V dalsich experimentech jsem zkoumala produkci proteinu P210""®"

geneticky
modifikovanymi bunkami. Vysledky naznacuji, Ze jeho produkce nebyla transdukci
nikterak naruSena. Soudé podle sily prouzku byla v transdukovanych burikach o néco
vy$8i nez v matefskych buinkach (Obr.14). B-tubulin byl u bun¢k detekovan jako
kontrola nasazeného mnozstvi lyzatu. Stejny vysledek jsem ziskala ve tiech po sobé

jdoucich pokusech.

TE2 B210  B210/E2 B210/E3

".’ «210kDa p210 > protein

SR, o i

Obr.14: Produkce proteinu P210°"* mateiskymi buikami B210 a transdukovanymi
burnikami B210/E2 a B210/E3. Bunécna linie TE2 slouzila jako negativni kontrola, p-

tubulin jako kontrola nasazeni mnoZstvi vzorku.

V ptedchozi studii provedené v nasi laboratofi se ukazalo, ze ES-produkujici
mysi bunky MK-16 (transformované virem HPV16), ztratily po transdukci genem pro
ES sviij onkogenni potencial a soucasné v nich doslo k potlaceni produkce cytokinu
IL-1a (Lakatosova-Andelova et al. 2009). Bunécnou linii B210 a od nich odvozené
bunécné linie produkujici ES jsem proto testovala na pfitomnost tohoto cytokinu.
V opakovanych pokusech nebyla zjisténa pfitomnost IL-1a ani v matefské linii ani

Vv lyzatech transdukovanych bunék (vysledky neuvadény).
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Testy onkogenniho potencidlu bunék produkujicich ES

Pro ovéfeni onkogenniho potencialu transdukovanych bunék, byly mysi BALB/c
inokulovany i.v. matefskymi bunikami B210 a bunkami B210/E2 a B210/E3, a to
v davee 10°,5x10° a 10°. Vysledky po podani davky 10° bungk jsou uvedeny v Grafu 4.
Mysi, kterym jsem inokulovala matetské bunky B210, zahynuly na leukemii kolem 20.
dne pokusu. Mysi, kterym byly inokulovany bunky B210/E2 a B210/E3, piezivaly déle
(p>0.001). Prekvapivé zvirata, ktera neonemocnéla leukemii do 30 dnd od inokulace,
pozdéji vyvinula mnohocetné solidni intraabdominalni, intrathorakalni a subkutanni
tumory. Jak ukazuje Tab. 7., solidni nadory se vytvofily téméf u poloviny zvifat
inkulovanych 10° transdukovanych bungk. Solidni nador se vyskytl také u jedné mysi,
které byla podana davka 5x10° bundk B210/E2, ale podobné nadory nebyly nalezeny v
74dné ze skupin zvifat, kterym byla podana davka 10> modifikovanych bungk. Zvitata,
ktera onemocnéla na leukemii, méla parézy, hepatosplomegalii, a byla celkové
schvacena a najezena. Pti pitveé byla prokazana infiltrace nadorovymi buiikami v jatrech

a sleziné.

100 - B210 (K)
l - B210/E2
-+ B210/E3
=1
> -4
= 50
H
N B
0 20 40 60 80 100

days

Graf 4: Test onkogennosti materskych bunék B210 a transdukovanych bunék B210/E2 a
B210/E3. Bunky byly inokulovany pokusnym zviratiim i.v. v davce 1 0° bunék.
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Tab. 7: Incidence solidnich nadord u mysi, kterym byly inokulovany i.v. buiky B210,
B210/E2 a B210/E3 v mnozstvi 10°.

Pocet inokulovanych

bunék

B210 B210/E2 B210/E3

108 0/8* 4/8 3/8

*pocet zvifat se solidnim nadorem/pocet inokulovanych zviiat

Nadory indukované bunikami B210/E2 a B210/E3 mé¢ly podobny charakter.
Jednalo se o rychle rostouci solidni nadory (Obr.16), které proriustaly do riznych
okolnich tkani, avSak nikdy nepenetrovaly mukézni membranu (Obr.17). Nadory byly
lymfoidniho charakteru s nepravidelnymi jadry, s hrubé granulovanym chromatinem a
piekvapivé byly dobie vaskularizované (Obr.18). Nadory indukované bunkami
B210/E2 byly vice agresivni nez nadory indukované linii B210/E3, které byly mensi a
vice kompaktni. Za pouziti metody FISH byl detekovan gen bcr-abl v nadorovych
bunkach (Obr.19), coz dokazuje, ze nadory byly indukovany inokulovanymi buiikami.
Z nékolika nadort byly izolovany bun&éné linie, u kterych byla pomoci WB detekovana
ES produkce (Obr.15). Pii pitvé zvifat se solidnimi nadory byla pozorovana
hepatosplenomegalie stejné jako u zvifat, ktera zemiela na leukemii. Tyto zmény
souvisely s infiltraci nadorovymi bunikami, které byly v organech detekovany

hybridiza¢nim testem.

TE2 B210 1

o
-l

-
20 kDa .

®» »
\ R

Obr.15: Produkce ES v busikach linii odvozenych od nadori vytvorenych po inokulaci
B210/ES (1-3). Ve WB byla testovina koncentrovana media z Kultur jednotlivych
bunécnych sublinii. Bunky TE2 slouzily jako pozitivni kontrola, materské burky B210

Jjako negativni kontrola.
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Obr.16: Intraabdomindlni nador u mysi, ktera byla inokulovina bunikami B210/E2

v ddvce 10° i.v. Pitva byla provedena v 52. den po inokulaci bunék.

Obr.17: Nddor vznikly po inokulaci bunék B210/E2 v ddvce 10°, obristd stievo.
Barveno hematoxylinem-eosinem (100x). Vysetreni je vysledkem spoluprdce
s pracovniky Ustavu patologie 1. lékaiské fakulty UK a VFN.,
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Obr.18: Dobre vaskularizovany nador vzmikly po inokulaci bunék B210/E2 v ddvce
10°i.v. Barveno hematoxylin-eosin (400%). Vysetieni je vysledkem spoluprdce

s pracovniky Ustavu patologie 1. lékaiské fakulty UK a VFN.

Obr.19: Pritomnost fiizniho genu ber-abl (oranzové fluorescentni tecky) v nadoru, ktery
vznikl po i.v. inokulaci bunék B210/E2 v dévce 10°. Vysetieno metodou FISH (1000%).

VySetieni je vysledkem spoluprdce s pracovniky Ustavu patologie 1. lékarské fakulty
UK a VEN.
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Intramuskularni podani plazmidu obsahujici gen pro ES

Jak uz bylo zminéno, v testu onkogenni aktivity transdukovanych bunék jsem
zjistila zménu onkogenniho potencialu. Pro dalsi ovéteni uc¢inku ES na jeho zmény jsem
se pokusila zjistit, zda podani plazmidu nesouciho gen pro ES ovlivni onkogenni
potencial rodi¢ovskych, tj. netransdukovanych bunék B210. Po i.m. podani plazmidu
(200 pg) byla sledovana hladina ES v plazmé pokusnych zvitat za 7 a 14 dni po
inokulaci. Vysledky testu ELISA testu neodhalily zmény v hladinach cirkulujiciho ES
oproti materialim odebranym od kontrolnich zvitat (Tab. 8.). Hladiny ES byly
paradoxné o néco vyssi u mysi, kterym byl inokulovan kontrolni plazmid. Po aplikaci
onkogenni davky rodi¢ovskych bunék nebyla pozorovana indukce solidnich nadort:

zvifata standardné umirala na leukemii, ktera byla potvrzena pitvou.

Tab. 8: Hladiny ES ve vzorcich plazmy mysi, kterym byl podan kontrolni plazmid
pBSC a plazmid nesouci gen pro ES (b BLASTmMENDO).

skupina pBSC pBLASTmMENDO
odbér 7. den po i.m. podani c= 66,07 ng/ml ¢ =44,17 ng/ml
odbér 14. den po i.m. podani c= 58,72 ng/ml c=41,78 ng/ml

V pribehu pokusu byly odebrany vidy 2 mysi Z jednotlivych skupin. Ziskané dvojice
vzorkit plazmy byly smichany. Hladina ES zmeérena v testu ELISA ve dvou paralelach.
Vysledky reprezentuji aritmeticky priimer.

83




Projekt 3: Pokus 0 vyvolani imunity proti SDF-1a, jednomu z chemokini,
které podporuji rist nadoru

Tato cast projektu navazuje na praci, kterou =zahdjil vnasSi laboratofi
V. Lucansky. V projektu jsem pak samostatné¢ pokracovala pii snaze objasnit pricinu
zmény onkogenniho potencidlu po aplikaci DNA vakciny, kodujici gen pro SDF-1a.
Vysledky jsou shrnuty v publikaci, jez je v tisku.

Ovéreni funkénosti plazmidu po transfekci metodou kalcium-fosfatové
precipitace

Pted ptipravou néboji do aparatury Gene Gun bylo potfeba plazmidovou DNA
namnozit V bakteridlni kultufe, naStépit a otestovat expresi chemokinu v
transfekovanych bunkach 293T. Jeho produkce byla monitorovana pomoci protilatky
proti Flagu. Obr.20 ukazuje pfitomnost SDF-1a v lyzatech bun€k 293T transfekovanych
pBSC/SDF-1a. Jako kontroly slouzily obdobné piipravené lyzaty netransfekovanych

bun€k a bun¢k transfekovanych prazdnym plazmidem pBSC.

- «— 10 kDa

Obr.20: Zjistovani pritomnosti SDF-1o v kontrolnich bunkdach 293T (1), v burikach
293T transfekovanych prdzdnym plazmidem pBSC (2) a v bunkich 293T
transfekovanych plazmidem pBSC/SDF-1o. (3). Detekce za pomoci monoklondlni
protilatky proti Flag.
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Pokusy o detekci produkce SDF-1a, CXCR4 a HIF-1a
Media z bunééné kultury i lyzaty bun¢k 12B1 jsem testovala v testu ELISA a ve

WB na pfitomnost proteinu SDF-la. Protein jsem nezjistila pomoci pouzité
monoklonalni/polyklonalni protilatky ani v jednom systému. V lyzatech bun¢k 12B1 i
V bunéénych kulturach odvozenych od nadorti indukovanych bunikami 12B1 jsem
prokazala ptitomnost CXCR4, ktery je receptorem pro SDF-la. Receptorovy protein
jsem detekovala jak v cytozolové tak i v nuklearni frakci bungk 12B1. Cistotu nuklearni
frakce potvrdila absence [-tubulinu. V lyzatech bunék 12B1 jsem zjistila také

transkrip¢ni faktor HIF-1a, ktery indukuje nadprodukci proteinu CXCR4.

A
1234 56 7 8

e SN e - CXCR4 (42 kDa)

B
1 2 3
S« - CXCR4 (42 kDa)
— - tubulin (55 kDa)
C

12
@ = HIF-10 (120 kDa)

Obr.21: A) Pritomnost CXCR4 Vv lyzatech bunék 12B1 (1) a Vv bunkdch linii odvozenych
od nddorit indukovanych bunkami 12B1 (2-8). B) CXCR4 protein byl detekovan jak v
v cytozolové (2) tak i v nuklearni frakci (3) bunék 12B1, jako kontrola slouzil lyzat
bunéek 12B1(1). C) HIF-1a v lyzatech kontrolnich bunék K562(1) a bunék 12B1(2).

85



U¢inky podani plazmidu obsahujiciho gen pro SDF-10. metodou gene gun in
VIVO

Plazmid pBSC/SDF-1a byl podavan bud’ samostatné nebo v kombinaci se
suboptimalni davkou plazmidu pBSC/BCR-ABL, ktery slouzil jako DNA vakcina.
Piedpokladali jsme, ze se nam podaii vyvolat imunitu proti SDF-1a a s jeji pomoci
zvysit ucinnost pouzité vakciny. Plazmid nesouci gen pro chemokin byl inokulovan
vden 0 a poté za 7 a 14 dnd. Vakcina byla podana pouze v den 7. a v den 14. Toto
imunizacni schéma jsme zvolili, protoze po tfech davkach byvala chranéna pted celenzi
vSechna zvifata a pripadny pfinos podani SDF-1a by nebylo mozné urcit. Za dva tydny
po posledni imunizaéni davce byly mysi ¢elenzovany bunkami 12B1 v dévce 5x10°,
odpovidajici 10 LDsy. Toto mnozstvi bunék vyvolava zpravidla subkutanni nadory u
vSech inokulovanych zvifat. Ve ¢tyfech na sobé nezavislych pokusech se zvysil pocet
zvifat s leukemii a poklesl vyskyt solidnich nadort u zvifat, kterym byl podan plazmid
pBSC/SDF-1a, a to jak samostatné¢ tak i v kombinaci s vakcinou pBSC/BCR-ABL.
Souhrn vSech ¢tyf pokusi ukazal (Graf 5), Ze popsané zmény byly statisticky
vyznamné. Imunologické testy v podstaté vyloucily, ze by vznikla humoralni ¢i bunééna

imunita proti zkoumanému chemokinu.
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Graf 5: 4) Vyskyt solidnich nadori byl vyssi a nadory se vyvinuly diitve u mysi, kterym
nebyl aplikovan plazmid pBSC/SDF-1a, nez u zvirat, ktera plazmid dostala. Rozdil byl
jak u mysi, které byly imunizovany bcr-abl-vakcinou tak i u mysi neimunizovanych
statisticky vyznamny (p=0,0115 resp. p=0,0023). B) Vyskyt leukemii byl vyssi u skupin
zvirat, kterd dostala plazmid SDF-1 neZ u mysi, které nedostaly plazmid, a to bez
ohledu na to, zda byly ¢i nebyly imunizovany ber-abl-vakcinou. C) Vyskyt leukemii u
mysi, kterym byl ¢i nebyl poddn plazmid s genem pro SDF-/a, bez ohledu na to, zda
byla imunizovana plazmidem nesoucim gen pro ber-abl. Rozdil je statisticky vyznamny

(p=0,0265).
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Testovani proteinu SDF-1a v plazmé mySi po podani plazmidu obsahujici
gen pro SDF-1a

Pro ziskani dal$ich informaci o naSem systému jsem se pokusila zjistit, zda by
bylo mozné prokazat v plazmé zvySenou hladinu chemokinu po tfech naslednych
inokulacich plazmidu nesoucim jeho gen. Plazmy byly ziskany v dobé ¢elenze buikami
12B1 a na konci pokusu, kdy nadory zvifat dosahovaly velikosti 400mm?. Z vysledkd
(Graf 6) je patrné, Ze v dobé Celenze byly hladiny SDF-1a jen o malo vy$si nez u
kontrolni skupiny, které byl podan kontrolni plazmid pBSC. Na druhé strané, v plazmé
mysi, ktera byla odebrana na konci pokusu, jsem objevila mnohonasobné vyssi hladiny
proteinu SDF-1a neZ u vzorkd plazmy odebranych v dobé inokulace, a to jak u zvifat,
ktera byla inokulovana plazmidem nesoucim gen pro chemokin ¢i prazdnym
plazmidem. To svéd¢i o tom, ze stroma nadori vyvolané buiikami 12B1 bylo velmi

vyraznym producentem chemokinu.
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Graf 6: Koncentrace proteinu SDF-1a v plazmé mysi, kterym byl inokulovan plazmid
s genem pro SDF-1a bezprostiredne po s.c. inokulaci bunék 12B1 (4) a na konci pokusu,
kdy zvirata, ktera nezahynula na leukemii, vytvorila solidni subkutani nddory (B).

V grafu jsou uvedeny priumeéry hodnot nameérenych u jednotlivych mysi.
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Diskuze

Projekt 1: Identifikace TAA v buiikach mySich bunéénych linii B210 a 12B1,
které byly transformovany fuznim genem bcr-abl a produkuji protein Bcr-
Abl

TAA byly poprvé identifikovany u pacienti s melanomem a s renalnim
karcinomem (Novellino et al. 2005). Postupnym uplathovanim serologického
screeningu cDNA (SEREX) (Scanlan 2001; Tureci et al. 2005) jejich pocet potad
vzrastd. Pro dokumentaci a archivaci dat o antigenech byla zfizena elektronicka
databaze SEREX http://ludwig-sun5.unil.ch/CancerImmunomeDB/. Jejim iniciatorem
byl nedavno zesnuly Dr. Lloyd Old (Cancer Research Institute, NY, USA). Vytvofila ji
skupina Dr. Victora Jongeneela (Ludwig Institute for Cancer Research, Lausanne,
Svycarsko). Vzhledem Kk vyvoji novych, senzitivngjsich metod detekce proteinti a
definovani jejich vlastnosti bude poget TAA v budoucnu dale vzristat. Rada LAA byla
popsana u pacienti s CML (Greiner and Schmitt 2008; Riley et al. 2009; Smahel 2011,
Rohon 2012; Qin et al. 2013). Pro vyvoj terapeutickych vakcin proti CML a pro
nasledné monitorovani jejich ucinku, je tfeba rozsifit naSe soucasné védomosti o
piitomnosti LAA a konfrontovat je s dosud znamymi funkcemi piislusnych proteint
(Greiner and Schmitt 2008).

Cilem studie byla ¢asteéna proteomova analyza dvou mySich buné¢nych linii
B210 a 12B1, které byly v pfedchozich letech na nasem oddéleni hojné vyuzivany
K experimentiim in vivo i in vitro (Jelinek et al. 2005; Ludvikova et al. 2005; Lucansky
et al. 2009; Sobotkova et al. 2009; Petrackova et al. 2009; Petrackova et al. 2010). Ob¢&
linie patii do lymfoidni fady, ale 1isi se vyvojovym stupném. Podle exprese
povrchovych markeri jsou buiky 12B1 klasifikovany jako pre-B, zatim co buniky B210
jako pro-B buiiky. Bez ohledu na to tvoii pfiblizn& stejné mnozstvi proteinu P210"" 2"
Lisi se vSak v mnoha biologickych vlastnostech jako je morfologie, exprese MHC |
molekul a v onkogennim potencialu (Sobotkova et al. 2005). Ob¢ linie indukuji po i.v.
podani leukemii. Mohlo by se zdat neGekanym, ze diferencované;jsi bunky 12B1 tak ¢ini
S vice nez stonasobn¢ vyssi ucinnosti nez méné diferencované buiiky B210. Krom toho

bunkyl2B1 po s.c. podani indukuji u pokusnych zvifat solidni nadory charakteru
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lymfomi. Je téZ hodné pozoru, ze lze pomémé snadno vyvolat imunitu proti buitkdm
znalosti o produkci LAA témito dvéma liniemi a na zéklad¢ zjisténych rozdili se

pokusit vysvétlit jejich odlisné chovani in vivo.

Toto usili probéhlo ve dvou fazich. V prvni bylo vyuzito nabidky firmy Kinexus
vySetiit pomoci protilatkovych mikroarrayl lyzaty bunc¢k obou linii na ptitomnosti 800
proteini, které hraji roli pfi bunééném ristu. Ve druhé fazi jsem se pokusila
Vv bunéénych lyzatech prokazat pfitomnost mySich analogii proteini, o kterych je

znamo, zZe jsou produkovany v bunkdach pacientti s CML.

Pro vySetieni signalnich proteinii byl vyuzit komer¢ni servis Kinexus Antibody
microarray analysis (KAMA) s nasledujici detekci vybranych proteinii pomoci WB. S
pomoci KAMA byly mezi liniemi 12B1 a B210 detekovany statisticky vyznamné
rozdily v produkci 31 proteind. V piipadé bun¢k 12B1 byla zjisténa zvysena produkce
12-ti proteint; tu v8ak potvrdil spolehlivéjsi WB pouze u 2 proteint, a to integrinu B1, a
CAMKA4. V piipadé bunék B210 byla zjisténa zvySena produkce u 19 proteinli, coz
potvrdilo vySetieni WB pouze u 7 proteint, a to PKM2, MAPK (izoformy p38y a p38a),
Hsp90, Erk2,CASP5 a CASP7. Rozpor mezi vysledky obou testi by mohl souviset s
jejich rozdilnou citlivosti, se skute¢nosti, Ze Vv mikroarrayich se detekuji proteiny

v nativni formé a kone¢né s mnohem vyssim rizikem falesné pozitivnich vysledki

v tomto testu.

Posledné uvadény faktor pokladam za nejpravdépodobnéjsi a budu se na tomto
misté zabyvat jen moznym vlivem zvySené exprese zminénych dvou proteind na vysoky
onkogenni potencial bunék 12B1. Prvnim proteinem, jehoz zvySena produkce
v buiikach 12B1 byla prokazana jak v proteinovych mikroarrayich tak ve WB, byl
integrin Bl. Je znamo, ze Bcr-Abl ovliviiuje adhezivitu bunék na fibronektin: jeho
zvySend produkce snizuje schopnost takové vazby (Barnes et al. 2005). Vazbu
zprostiedkovava integrin B1, pro ktery je ligandem fibronektin. Bunky B210 a 12BI

produkuji relativn stejné mnoZstvi proteinu P210""

. PGvodné jsem se domnivala, ze
vysoka produkce integrinu je spojena se schopnosti bunék 12B1 tvofit solidni nadory.
Pii zkoumani vazby bunék na fibronektin in vitro se vSak piekvapivé ukazalo, ze se

k fibronektinu vazi daleko lépe bunky B210, které produkuji podstatné méné
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integrinu B1 nez bunky 12B1 (Dr. Kuzelova, nepublikované vysledky). Pro nasSe
pozorovani nemam smysluplné vysvétleni, ale naSe vysledky naznacuji, ze adhezivita
bunék k fibronektinu neni pfimo zavisla na produkci Bcr-Abl. Lze proto vyslovit
domnénku, Ze rozpor by mohl souviset s expresi jinych povrchovych molekul, které
reprezentuji rozlicné faze vyvoje bunc¢k B. Snad je tézZ mozné, ze zvySena adheze bunck
B210 nebyla zprosttedkovana integrinem B1 ale jinymi molekulami jako jsou heparan-
sulfatové proteoglykany. Kinaza CAMK4 (v starSich pracech oznacovana jako CAMK-
Gr) byla v mikroarrayich zjisténa v nadbyte¢ném mnozstvi v bunikach B210. Vysledky
spolehlivéjsiho WB byly vSak opacné: zvySena produkce CAMKA4 byla zjisténa
v bunkach 12B1. Toto pozorovani posiluje jiz vyslovené podezieni, ze ¢ast nalezt
ziskana v mikroarrayich byla falesné pozitivnich. CAMK4 je pfitomna v omezeném
poctu tkani. Byla detekovana zejména v mozku a T-lymfocytech, ale téz ve varletech,
kazi a v kostni dieni (Means 2000). Je lokalizovana v jadrech. Je multifunkéni protein-
kindzou. Aktivuje ji vzestup hladiny nitrobunécného kalcia. Je povazovana za Soucast
drahy vedouci k aktivaci antiapoptickych signalnich drah. Inhibice CAMK4 zvysila
apoptozu v kultivovanych nadorovych bunkach (Rodriguez-Mora et al. 2006). Zvysena
exprese CAMK4 byla v minulosti pozorovana u celé fady lidskych nadort, véetné
malobunééného karcinomu plic (Williams et al. 1996), karcinomu ovaria (Takai et al.
2002) a endometrialniho karcinomu (Shang et al. 2003). Zjisténi, Ze procento
pozitivnich bun¢k dobife korelovalo s histologickou klasifikaci a neptiznivym
pribéhem nemoci, silné svéd¢i pro to, ze enzym hraje roli v progresi nadord.
Skutec¢nost, Ze neni exprimovan Vv bunkach B, ale produkuji jej pre-B buiky 12Bl1, €ini
pravdépodobnou jeho ucast v jejich vysokém onkogennim potencialu. Za zminku stoji,
ze bunky B, které byly transformovany onkogenem viru EB, ktery se oznacuje jako

LPM-1, zacaly produkovat CAMK4 (Mosialos et al. 1994).

Nyni par slov o proteinech, které jsou uc¢innéji tvotfeny buikami B210.
Protein Hsp90 byl popsan jako protein vazici se na P210°® (Nimmanapalli et al.
2001), takze jeho piitomnost v Ber-Abl-pozitivnich buikach se dala ocekavat. Dal§imi
proteiny, které byly vice produkované v bunkach B210 patii do rodiny MAPKS. Jde o
proteiny p38 a Erk2. Oba se v bunkach tvoii jako dusledek aktivace kaskady Ras

Obcr-abl

proteinem P21 (Marley and Gordon 2005). Je znamo, ze MAPKSs se podili na celé

fad¢ zakladnich bunéénych procest. Delece p38a MAPK vede ke zvySené proliferaci
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nadorovych bunék (Hui et al. 2007a). Krom toho, ze bunky deficientni v p38a MAPK
maji vyssi proliferaéni aktivitu, u neonatdlnich i dospélych my$i maji snizenou
schopnost diferenciace. Jedinci sbunkami deficientnimi v p38c maji zvySenou
nachylnost k nadorovému onemocnéni (Hui et al. 2007b). Produkce proteinu p38a byla
v buitkkdch 12B1 snizena piiblizné 0 65 % ve srovnani s buitkami B210. Na zaklad¢
uvedenych pozorovani je mozné vyslovit domnénku, ze vys$s$i onkogenni potencial
bunék 12B1 souvisi se snizenou produkci p38aMAPK. Protein p38MAPK se produkuje
ve Ctyfech izoformach. V bunikach B210 bunék byla detekovana i jeho izoforma 1.
V minulosti bylo prokazano, ze soucasna produkce p38yMAPK a p38aMAPK indukuje
senescenci bunék (Kwong et al. 2009). Ta by se mohla uplatnit pfi s.c. podani bunék
B210, které nevyvola nadorové onemocnéni, ale ma vyrazny imunizaéni efekt: vyvola
protekci k nasledné i.v.¢elenzi i po podani pomérné malych davek. Lze ptedpokladat, Zze
krom¢ imunitnich reakci se pfi tom uplatiiuje i indukovana senescence, kterd snizuje
proliferaci bun¢k a ty pak postupné podléhaji apoptoze. Moji domnénku podporuje i
skutecnost, Ze v buiikdch B210 byla zjiSt€éna zvySend produkce kaspdz CASP5 a
CASP7, které hraji vyznamnou roli v bunééné apoptdze. Dalsi zjisténé malé rozdily ve
prospéch bunék B210 lze jen obtizn¢ interpretovat. PKM je terminalnim enzymem
glykolyzy. Jako takovy ovliviiuje schopnost proliferace bunék. PKM2 je jeho
onkofetalni izoformou. Podporuje riist nddortt a nékterymi je povazovan za vhodny
terapeuticky cil. Kontrolni mechanizmy jeho exprese jsou vSak slozit¢ a sestfih
genetické informace ovliviiuje jeho funkce. PKM2 kromé toho, ze ptisobi jako protein-
kinaza, funguje i jako transkripéni faktor, to znamend, Ze ma kromé metabolickych i
nemetabolické funkce (Filipp FV 2013). V soucasné chvili je proto téméf nemozné urcit
jeho vliv na rozdilné vlastnosti bunék B210 a 12B1. Slozita je situace i v piipadé Erk2,
ktery reguluje mnoho bunécnych proteinti. I kdyz existuji publikace ukazujici, ze Erk2
by mohl pfispivat k agresivité n¢kterych solidnich nadord (Kong et al. 2013; Imada et
al. 2013), posledni vyzkumy naznacuji, ze jeho aktivita mize mit za nasledek jak
bunéénou proliferaci, tak i diferenciaci, senescenci a apoptézu (Deschénes-Simard et al.
2014).

Pfi méfeni produkce mysich analogi LAA jsem nenachazela mezi zkoumanymi
bunécnymi liniemi zadné rozdily s vyjimkou proteini CAIX, Nm23-H2 a SPAGH.

Soudi se, ze vSechny tii jsou produkovany jako dasledek puisobeni fuzniho proteinu
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Ber-Abl. Protein CAIX byl ve zvySené mife vytvafen v bunkach 12B1. Je to
membranovy protein, ktery patii do rodiny karboanhydrdz. Tento katalyticky aktivni
enzym je spojen s hypoxii, ktera doprovazi rist nadoru. Pii katalytickém procesu vznika
kysely vodikovy kationt, ktery zpisobuje acidozu mikroprostiedi. V  kyselém
mikroprostiedi nadoru se Castéji vyskytuji ristové faktory a charakterizuje je genova
nestabilita, buné¢na adheze a tendence k tvorbé metastaz (Stubbs et al. 2000). Kromé
toho bunky, které produkuji CAIX reguluji 1épe intracelularni pH a tim ziskavaji
vyhodu Iépe piezivat v kyselém prostiedi (Morgan et al. 2007). Krom¢ katalytické
podjednotky CAIX navic obsahuje ve své molekule proteoglykanovy segment, ktery
zprostfedkovava buné¢nou adhezi (Zavadova and Zavada 2005) proteinu CAIX. Podle
jinych nalezl snizuje mezibunéénou adhezi v dusledku redukce E-cadherinu (Svastova
et al. 2003), ¢imz usnadiuyje invazivni rast. CAIX je nadbyteéné vytvafena v mnoha
lidskych karcinomech (Zavada et al. 1993). Pritomnost CAIX v nadorovych bunkach je
povazovana za indikator $patné prognézy (Giatromanolaki et al. 2001; Hussain et al.
2007; Choschzick et al. 2011). Na zakladé téchto a dalSich nalezi (Pastorekova et al.
1992; Zavada et al. 2000) je CAIX povazovana za proto-onkogen (Potter and Harris
poznatky ve svém souhrnu ¢ini moznym, Ze vys$si onkogennost bun¢k 12B1 a tvorba
solidnich tumorti po s.c. inokulaci souvisi s produkci. Pokud je nam znamo, detekce
proteinu CAIX v naSich buikach je prvni zpravou o jeho pfitomnosti Vv buikach

rodiny B.

U bunééné linie B210 byl v lyzatech detekovan pomoci polyklonalni
protilatky proti Nm23-H2 prouzek o molekulové vaze 45kDa. Je mozZné, Ze §lo o
nespecifickou reakci. Nelze vsak vyloucit, ze zminény prouzek reprezentuje pfitomnost
mysiho proteinu Nm23-H7 (Mehus,J.G.:http://www.ncbi.nlm.nih.gov/protein/AAF2090
6.1). Nm23-H7 hraje vyznamnou roli v regulaci exprese Oct4, Nanog, KIf4, c-Myc,
telomerazy, Dnmt3B, Sox2 a ERas (Wang et al. 2012). V bunkach B210 se produkovalo
vice proteinu SPAGY neZ v buiikdch 12B1. Nedavno byl tento protein popsan jako
jeden z 8 proteinti nadéjnych pro imunoterapii CML (Smahel 2011). Pfipomenme, Ze U
velké vétSiny pacientil S nadory ovarii, délozniho ¢ipku, ledvin, tlusté¢ho stfeva byly
zjistény protilatky proti tomuto proteinu (Suri et al. 2012). Snaz$i navozeni protekce

vaci bunkam B210 by mohlo souviset s jeho vyssi produkci. U pacientd s CML byly
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detekovany protilatky proti proteinu SPAG9 ve vSech fazich nemoci (Kanojia et al.
2010).

Ptekvapivé nebyly u zadné bunééné linie detekovany proteiny TERT, cathepsin
G, Pr-3, PRAME-like 1, survivin ani Wt-1. Zkoumané buiiky uvedené proteiny bud’
vibec neprodukuji anebo je produkuji vV mnozstvi neprokazatelném pomoci WB.
Ptitomnost mRNA pro jednotlivé proteiny nebyla zjistovéana, nicméné jsem si védoma

toho, ze 1 ptipadna jeji pfitomnost neni zarukou tvorby proteinu.

Chci zdaraznit, ze ma interpretace jednotlivych nalezi mé do znacné miry
spekulativni charakter. Jeji spravnost by se dala potvrdit ¢i vyloucit sérii transdukénich
pokust s geny, o které jde, ¢i selektivni inaktivaci jejich exprese. Domnivam se, ze mé

nalezy skytaji voditka pro takové pokusy.

Projekt 2: Priprava a vyzkouSeni vakciny zbunék geneticky
modifikovanych tak, aby exprimovaly mysi gen pro endostatin

Puvodnim zamérem tohoto projektu bylo provéfit moznost vyuzit geneticky
modifikované bunky B210 jako protinadorové vakciny potlacujici neoangiogenezi. Pro
ptipravu transdukovanych bunék jsem pouzila bicistronicky plazmid nesouci gen pro
mysi ES a gen pro blasticidinovou rezistenci. Genové modifikované bunky jsem
selektovala v mediu s blasticidinem v koncentraci, ktera se ukazala byt vhodnou na
zékladé vysledkl ziskanych pifi urCovani vnimavosti bunék B210 Kk blasticidinu.
Z populace transdukované linie B210/E jsem izolovala celkem 10 klont, které se silné
lisily v produkci ES. Pro experimenty jsem vybrala dva z nich, které byly svou produkci
ES na opacnych koncich spektra. Buniky s nejvyssi produkci ES (B210/E2) a buniky s
chovani bungk in vivo. Pied zahajenim pokust na zvifatech jsem potvrdila biologickou
aktivitu ES tvofené¢ho transdukovanymi bufikami na buitkaich HUVEC. Navic jsem
zjistila, Ze obé linie jsou geneticky stabilni: spolehlivé produkovaly ptiblizné stejna
mnozstvi ES nejméné do 15. pasaze. Protoze jsem byla inspirovana vysledky
pfedchozich pokusti provedenych v nasi laboratofi s jinymi nadorovymi buikami
(Lakatosova-Andelova et al. 2009), vysettila jsem rodicovské i transdukované buiky na

pritomnost IL-1a. Vysledky byly negativni.
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Mimotadné zajimavymi se ukazaly byt vysledky testli onkogenniho potencidlu
transdukovanych bungk. Pfi srovnani s matetskou linii B210, byly transdukované bunky
mén¢ onkogenni, ale na rozdil od difive zkoumanych, obdobné transdukovanych bunék
MK16 (Lakatosova-Andelova et al. 2009), onkogenni aktivitu neztratily. Po i.v.
inokulaci matefskych bungk B210 v davce 10°, zvifata umirala na leukemii kolem 20.
dne po inokulaci. Mysi, které tuto kritickou dobu piezily a nezahynuly do 30. dne po
inokulaci, zacaly tvofit mnohocetné, rychle rostouci intrathorakalni, intraabdominalni a
subkutanni solidni nadory. Slusi se podotknout, ze mateiské bunky B210 vyvolavaji
solidni nadory jen zcela vyjimecné (méné nez 1% inokulovanych zvitat, Sobotkova et
al., nepublikované vysledky). Buiiky nadorti vyvolanych transdukovanymi bunikami
produkovaly ES, stejné tak jako linie od nich odvozené, takze zména onkogenniho
potencialu nebyla vyvolana ztratou nebo umléenim transgenu v bunikach. Nadory byly
prekvapivé velmi dobfe vaskularizované bez znamek nekrozy. Z téchto vysledkl je
ziejmé, ze ES, ktery produkovaly transdukované bunky, nebyl s to potla¢it angiogenezi
v naSem experimentalnim modelu. K vysvétleni pozorovaného jevu se nabizi n€kolik

moznych vysvétleni.

Je pravdépodobné, Ze aktivita proangiogennich faktori pfitomnych
v mikroprostiedi nadoru a produkovanych samotnymi nadorovymi bunikami umoznila
angiogenezi utlumenim uc¢inku ES. V minulosti byla popsana fada proangiogennich
faktorti, které se produkuji v buiikach pacientd s CML (Sillaber et al. 2004). Takové
buniky maji zfejmou vyhodu ve formé rezistence vici protiangiogennim terapeutickym
intervencim. Také v nadorovych bunkach modifikovanych tak, aby produkovaly néktery
protiangiogenni faktor, jako jsou ES, trombospondin nebo tumstatin, byla detekovana
zvySené exprese proangiogennich faktorit VEGF a PDGF, kterd nebyla zjisténa u
rodicovskych, tj. nemodifikovanych bunék (Fernando et al. 2008). Protiangiogenni
lécba zameétena proti signalni kaskadé VEGF Dbyla spojena svyssi invazivitou a
metastatickym potencialem nadorovych bunék, proti kterym byla 1é¢ba cilena (Ebos et
al. 2009; Paez-Ribes et al. 2009). Je také mozné, Ze bohata vaskularizace Vv naSem
experimentalnim modelu vznikla z nediferenciovanych nadorovych bunék, které se
ucinkem urcitych produktd mikroprostfedi nadoru transdiferencovaly na bunky, jez
obsahuji markery endotelii. Jev je onacovan jako vaskulogenni mimikry (Maniotis et al.

1999; Hillen and Griffioen 2007). Dalsim zajimavym pozorovanim byly rozdilné
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vlastnosti nadorti vyvolanych transdukovanymi bunikami s vysokou produkci a nizkou
produkci ES. Bunky linie B210/E2 indukovaly agresivnéjsi a viceCetné nadory nez
bunky B210/E3. Ty byly mensi a vuci okoli lépe ohrani¢ené, ackoli se svymi
histologickymi charakteristikami nijak vyrazné neodliSovaly od nadori vytvofenych
bunikami druhé linie. Je mozné, Ze se v popsanych vlastnostech projevila interklonalni
variabilita dana mnozstvim vytvafeného ES, avSak pro takovy vyklad by bylo tifeba

testovat vice nez dva bunécné klony.

Snaha o ovlivnéni onkogenniho potencidlu rodicovskych bun¢k B210
intramuskularni inokulaci plazmidu s genem pro ES se nesetkala s tuspéchem. Dle
Blezingera a spol. (Blezinger et al. 1999) byla o¢ekavana nejvyssi hladina ES po 7. dnu
od i.m. podani, avSak ELISA testy nedetekovaly Zadné zvySené koncentrace proteinu a
hladiny ES byly srovnatelné s hodnotami ziskanymi od kontrolnich skupin zvitat. Tento

vysledek asi souvisi s nizkou u¢innosti transfekce in vivo (Heslop et al. 2003).

Je velmi obtizné vysvétlit, pro¢ transdukované buiikky mély tendenci tvofit
solidni nadory, které nejsou bézné pii inokulaci matefskymi butikami B210. Jak se dalo
ocekavat, mysi, u kterych se objevily solidni nddory, mély také symptomy probihajici
leukemie, jako je hepatosplenomegalie a ptitomnost nadorovych bunék v periferni krvi
a ve sleziné. Nicméné zvysledki vyplyva, Ze se snizila schopnost geneticky
modifikovanych bunék vyvolat smrtici leukemii a naopak se podstatné zvysila jejich
schopnost indukovat solidni naddory. Je mozné, Ze schopnost tvofit solidni nadory je
vlastni 1 rodiCovskym bunkam B210, ale Ze v jejich piipadé je inkubaéni doba podstatné
delsi, a Ze teprve potlaceni leukemického potencidlu skyta dostatecné dlouhy ¢as pro
jejich vznik. V této souvislosti stoji za zminku pozorovani, které do jisté miry
vyslovenou domnénku podporuje. U ¢asti zvifat inokulovanych rodic¢ovskymi buiikami
B210, kterym byl podavan imatinib mesylat (Gleevec), Se po ukonceni terapie,

vytvoftily solidni nddory (nepublikované pozorovani).

Nabizi se i dalsi vysvétleni. Bunky B210 produkuji integrin B1, i kdyz
vV mnozstvi niz§im nez bunky 12B1. Jak jsem jiz zminila, bunky B210 se vazi in vitro na
fibronektin 1épe nez bunky 12B1. To naznacuje, Ze integrin je - alespon v tomto sméru-
v bunikach B210 vice funkéni nez v bunkach 12B1. Fibronektin neni vsak jedinym

ligandem pro integrin B1, ten se také vaze na ES (Barczyk et al. 2010). Je mozné, ze
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modifikaci bunék B210 tak, aby produkovaly ES, byla podstatné¢ zvySena jejich
vzajemnd vazebnost, jez usnadnila tvorbu solidnich nadord, tvorbu mikroprostiedi a

zaroven moznost vybalancovat hladinu ES zvySenou tvorbou proangiogennich faktoru.

Projekt 3: Vyvolani imunity proti SDF-1a, jednomu z chemokini, které
podporuji rust nadoru

Pivodnim cilem projektu bylo navodit imunitni odpoveéd’ proti SDF-1a a tim
posilit G¢innost vakcin zamétenych proti bunkam transformovanym faznim genem bcr-
abl. Pro ¢elenz bylo pouzito bunék 12B1, protoZe tvoii po subkutanni inokulaci solidni
nadory, jejichz velikost lze pouzit jako spolehlivy ukazatel sily imunitnich reakei.
Nepodafilo 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 pokust, S nimiz zac¢al Dr. Lucansky, vyplynulo zajimavé zjisténi:
,vakcina“ pBSC/SDF-1a vyrazné ovlivnila onkogenni potencial 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, ktera umirala na leukemii a netvofila solidni
nadory tak Casto jako zvifata kontrolni. To byl efekt pravé opacny tomu, ktery jsem
zaznamenala v pravé popsaném systému bunék B210 geneticky modifikovanych tak,
aby tvofrily ES. Tato pozorovani vypovidaji o labilit¢ onkogenniho potencidlu obou

bunécnych linii.

O povaze vySe uvedeného jevu je mozné pouze spekulovat. Ziskané vysledky
pravdépodobné souvisi s vlastnostmi pouzitych bunék. Bunky 12B1, které jsou
charakterizovany jako pre-B bunky, produkuji protein Bcr-Abl a také CXCRA4, ktery je
receptorem pro SDF-lo, a HIF-la, ktery jako transkripéni faktor zvySuje produkci
CXCR4 (Cronin et al. 2010) a vyznamné podporuje ptezivani leukemickych bunék v
my$im modelu CML (Zhang et al. 2012). Uloha chemokinu SDF-la v patogenezi
leukemie je spojovana s osou SDF-10/CXCR4 (Kittang et al. 2010). Interakce ligandu
SDF-1la sreceptorem CXCR4 vede ke zvysené adhezi leukemickych bunck k
stromalnim buiikam kostni diené, ale i k bunkam tzv. extramedularnich nik a k jejich
zvysené proliferaci a diferenciaci. Na§ model se piiblizuje k experimentalni nemoci
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navozené¢ u NOD-SCID mysi podanim lidskych ALL bun¢k (Kawaguchi et al. 2009;
Kato et al. 2011). U takovych mysi byla zjisténa vyznamna role extramedularni niky
nachazejici se v okoli Zlu¢ovodu. V ni se akumulovaly nadorové buiky. Podobna
situace mohla nastat v naSem experimentalnim uspotadani, kdy po podani plazmidu s
genem pro SDF-la mohlo dojit k formovani extramedularnich nik, které podpoftily
leukomogenni efekt bun¢k 12B1. Podobny proces byl popsan v souvislosti s roli SDF-
loiu AML (Sison and Brown 2011).

Pfi interpretaci nasich pozorovani je téeba vzit v tivahu ulohu proteinu Ber-Abl,
ktery je bunkami 12B1 produkovan. Jeho efekt na aktivitu SDF-1a neni vSak dosud
zcela jasny. Nékteré studie popisuji inhibiéni vliv proteinu Ber-Abl na chemotaktickou
aktivitu SDF-1a (Durig et al. 2000; Ptasznik et al. 2002; Geay et al. 2005; Chen et al.
2008). Podobné vyznivaji i studie s bcr-abl-pozitivnimi buiikami. V nich bylo
zjistovano potlaceni P13KC2y (Yu et al. 2010), zvySena exprese B2 integrinu LFA-1
(Chen et al. 2008), aktivace GTPaz (Chang et al. 2009) a Lyn kinazy (Tabe et al. 2012).
Existuji v8ak i pozorovani aktiva¢niho vlivu proteinu Bcr-Abl na SDF-la, ktery se
projevuje zvysenou indukovanou migraci a transformaci bun¢k. Ve stejné studii byl
popsén vliv SDF-1a na tvorbu pseudopodii u nddorovych bunék, ktery nebyl provazen
utlumenim aktivity proteinu Bcr-Abl (Fruehauf et al. 2002). Krom toho byl pozorovan

vliv SDF-1a na proliferaci primitivnich hematopoetickych bunék (Cashman et al. 2002).

Na zakladé zminénych pozorovani by bylo moZno chovani 12B1 bunék v
experimentu vysvétlit tak, ze SDF-la zpusobil zrychlenou migraci bun¢k 12B1 do
extramedularnich nik. Rychlou migraci bunék z mista inokulace doslo k vyraznému
lokalnimu snizeni poctu nddorovych bunéck, takZe jich nezbyvalo dost pro vznik
solidniho nadoru. Ve hie ale mohlo byt i snizeni adhezivity bun¢k 12B1 k nadorovému

stromatu, které mohlo zpusobit, Ze buitkky 12B1 solidni nador tvofily S niz§i i¢innosti.

Vysoké hladiny proteinu SDF-lo v plazmé zvifat, ktera méla nadory,
pravdépodobné pochéazela z funkéniho nadorového stromatu bunék a podporovala

migraci bun¢k 12B1.

Nicméné kromé samotného SDF-1la se mohly na procesu zmény onkogenniho
potencidlu podilet i dalsi faktory. Je nutné si uvédomit, Ze chemokiny nejsou v systému

in vivo izolované, ale ze ovliviiuji celou fadu signalnich kaskad a interreaguji s dal$imi
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molekulami v organismu. Navic je potfeba brat v uvahu pfitomnost fizniho proteinu
Ber-Abl, ktery ovliviluje fadu drah véetné osy SDF-1a/CXCR4. Kromé toho byla
popsana fada chemickych substanci jako napi. PGE2, kyselina hyaluronova, fibrinogen

a dalsi, které ovliviiuji reaktivitu bunék s SDF-1o (Ratajczak et al. 2013).

Vysvétlit jednozna¢né zménu onkogenniho potencialu bun¢k 12B1 souvisejici
s inokulaci genu kodujiciho SDF-1a neni v dany moment mozné. Kazda z citovanych
studii byla provedena na jiném modelu a pokusy o uplatnéni jejich Casto protichtidnych
vysledkii v zdsadn€ odlisSném experimentalnim uspofddani je spojeno s mimotadné

velkymi obtizemi.

Zavér
Projekt 1: Identifikace TAA v buiikach myS$ich bunéénych linii B210 a 12B1,

které byly transformovany fiiznim genem bcr-abl a produkuji protein Bcr-
Abl

Snazila jsem se objasnit rozdilné chovani bun¢k B210 a 12B1 in vitro a in vivo.
Za vyuziti komeréniho servisu Kinexus byly identifikovany rozdily v produkci nékolika
signalnich proteini ve zkoumanych liniich a za pouziti monoklondlnich i
polyklonalnich protilatek ve WB byly detekovany LAA. Ptfi monitorovani signalnich
proteinil byla zvySena produkce buiikami 12B1 zjisténa Vv piipadech integrinu 1 a
CAMKA4. Zatimco Uloha integritu B1 neni jasna, znamé funkce proteinu CAMK4 ¢ini
moznym, ze je alespon z ¢asti odpovédny za vyssi proliferaci, agresivitu a adhezivitu
bunék 12B1. V dalsich pokusech o prikazy pfitomnosti LAA jsem nalezla v lyzatech z
bun¢k 12B1 zvySenou hladinu CAIX, katalytického proteinu, ktery hraje vyznamnou
ulohu v bunéénych procesech adaptujicich se na acidifikaci nddorového prostiedi. Ten
by se rovnéz mohl podilet na zvySené patogenit¢ bunék 12B1. NejvyznamnéjsSimi
nalezy tykajici se bunck B210 byly zvySené hladiny proteint MAPK, které mohou
zodpovidat za jejich niz$i onkogenni potencial, a proteinii CASP5 a CASP7, které se
ucastni procesu bunécné apoptdzy. Na zaklad¢é shrnuti naSich vysledki lze fici, ze
proteomova analyza prohloubila znalosti o antigenni struktuie Bcr-Abl-pozitivnich linii

B210 a 12B1. V¢étim, Ze soucasné vysledky bude mozné vyuzit pti dal$im patrani po
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mechanismech odpovédnych za onkogenni potencial bun€k transformovanych fuznim

genem bcr-abl.

Projekt 2: Priprava a vyzkouSeni vakciny zbunék geneticky

modifikovanych tak, aby exprimovaly mySi gen pro endostatin

Snazila jsem se vytvofit vakcinu z bun¢k modifikovanych tak, aby nebyly s to
vyvolat leukemii, protoze potlaci angiogenezu, kterd je pro jeji vyvoj nezbytnym
predpokladem. Pro vyvoj vakciny jsem pouzila buiky B210, které byly transfekované
bicistronickym plazmidem nesoucim gen pro mysi ES a blasticidinovou rezistenci. Od
transdukované linie jsem odvodila 10 klond, které produkovaly ES. Populace klont byla
velmi heterogenni, pokud S§lo o produkci ES. Pro dalsi experimenty jsem vybrala dva
klony, vyrazné se lisici v produkci ES. Tyto sublinie produkovaly ES spolehlivé
nejméné do 15. pasaze. V proliferanim testu s buitkami HUVEC jsem potvrdila
biologickou aktivitu ES. Ziskané sublinie byly pouzity k experimentim na zvifatech. Pti
oveéfeni onkogenniho potencidlu byly ziskany velmi ptekvapivé vysledky.
Leukemogenni potencidl transdukovanych bun¢k byl snizen, ale zachovan.
Zaznamenala jsem vSak tvorbu solidnich nadort témét u poloviny experimentalnich
zvitat inokulovanych 10° bungk. Vyskyt solidnich nadorti se snizoval s davkou
inokulovanych bunék. Nadory byly bohaté vaskularizované bez znamek nekrozy.
V nadorovych bunkach byla potvrzena pfitomnost Ber-Abl. Bunééné linie odvozené od

nadori produkovaly ES.

Projekt 3: Vyvolani imunity proti SDF-1a, jednomu z chemokini, které
podporuji rust nadoru

Tento projekt byl pokratovanim prace kKolegy Lucanského. Pokusila jsem se
objasnit, pro¢ podani plazmidu obsahujiciho gen pro SDF-la, zptsobuje zménu
onkogenniho potencialu bunék 12B1 in vivo, ve smyslu potlaceni vyskytu solidnich

nadorl a zvySeni leukemogeneze.

Testovala jsem produkci dalSich proteind v lyzatech bunék 12B1. Potvrdila jsem

silnou produkci receptoru pro SDF-1a, ktery se oznacuje jako CXCR4, a transkripéniho
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faktoru HIF-1a, ktery je silnym induktorem CXCR4. Tento protein jsem zjistila jak
v cytoplazmé, tak v izolovanych bunéénych jadrech. Produkci SDF-1a jsem v lyzatech
bunék nezjistila ani ve WB ani v ELISA testu. V dobé ¢elenze jsem zjistila jen mirné
navyseni cirkulujiciho SDF-1a. Naproti tomu zvifata s nadory méla vysoké hladiny

cirkulujiciho chemokinu.

Na zakladé téchto vysledkli jsem se pokusila o formulaci hypotézy, jez by
vysvétlila zmény onkogenniho potencialu bunék 12B1, k nimz doslo po inokulaci

plazmidu s genem pro SDF-1a.

101



Pouzita literatura

10.

11.

12.

13.
14.

15.

16.

Abdollahi A, Hahnfeldt P, Maercker C, Grone HJ, Debus J, Ansorge W,
Folkman J, Hlatky L and Huber PE. (2004). Molecular Cell, 13, 649-663.

Adam Z, Krej¢i M, Vorli¢ek J, and a kolektiv. Hematologie - piehled malignich
hematologickych nemoci. 2008. Grada.

Ahmed W and Van Etten R. (2013). Curr Hematol Malig Rep, 8, 71-80.

Aiuti A, Webb 1J, Bleul C, Springer T and Gutierrez-Ramos JC. (1997). The
Journal of Experimental Medicine, 185, 111-120.

Altieri DC. (2003). Nat Rev Cancer, 3, 46-54.
Altucci L and Gronemeyer H. (2001). Nat Rev Cancer, 1, 181-193.
Ambrosini G, Adida C and Altieri DC. (1997). Nature Medicine, 3, 917-921.

Ambrosini G, Adida C, Sirugo G and Altieri DC. (1998). Journal of Biological
Chemistry, 273, 11177-11182.

Ambrosio MR, Piccaluga PP, Ponzoni M, Rocca BJ, Malagnino V, Onorati M,
De Falco G, Calbi V, Ogwang M, Naresh KN, Pileri SA, Doglioni C, Leoncini L
and Lazzi S. (2012). PLoS One, 7, e44315.

Amrolia PJ, Reid SD, Gao L, Schultheis B, Dotti G, Brenner MK, Melo JV,
Goldman JM and Stauss HJ. (2003). Blood, 101, 1007-1014.

Aryee DNT, Simonitsch I, Mosberger I, Kos K, Mann G, Schlogl E, Potschger
U, Gadner H, Radaszkiewicz T and Kovar H. (1996). British Journal of Cancer,
74, 1693-1698.

Baggiolini M, Bretz U, Dewald B and Feigenson ME. (1978). Agents Actions, 8,
3-10.

Barczyk M, Carracedo S and Gullberg D. (2010). Cell Tissue Res, 339, 269-280.

Barnes DJ, Schultheis B, Adedeji S and Melo JV. (2005). Oncogene, 24, 6432-
6440.

Barrett J and Rezvani K. (2006). Current Opinion in Hematology, 13.

Bellantuono I, Gao L, Parry S, Marley S, Dazzi F, Apperley J, Goldman JM and
Stauss HJ. (2002). Blood, 100, 3835-3837.

102



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Bhatt AP, Jacobs SR, Freemerman AJ, Makowski L, Rathmell JC, Dittmer DP
and Damania B. (2012). Proceedings of the National Academy of Sciences, 109,
11818-11823.

Biggs J, Hersperger E, Steeg PS, Liotta LA and Shearn A. (1990). Cell, 63, 933-
940.

Birtle Z, Goodstadt L and Ponting C. (2005). BMC Genomics, 6, 120.

Bischoff JR, Anderson L, Zhu YF, Mossie K, Ng L, Souza B, Schryver B,
Flanagan P, Clairvoyant F, Ginther C, Chan CSM, Novotny M, Slamon DJ and
Plowman GD. (1998). Embo Journal, 17, 3052-3065.

Blackburn EH. (2005). Febs Letters, 579, 859-862.

Blezinger P, Wang JJ, Gondo M, Quezada A, Mehrens D, French M, Singhal A,
Sullivan S, Rolland A, Ralston R and Min W. (1999). Nature Biotechnology, 17,
343-348.

Bocchia M, Gentili S, Abruzzese E, Fanelli A, luliano F, Tabilio A, Amabile M,
Forconi F, Gozzetti A, Raspadori D, Amadori S and Lauria F. (2005). Lancet,
365, 657-662.

Boehm T, Folkman J, Browder T and O'Reilly MS. (1997). Nature, 390, 404-
407.

Bories D, Raynal MC, Solomon DH, Darzynkiewicz Z and Cayre YE. (1989).
Cell, 59, 959-968.

Borrello I, Sotomayor EM, Cooke S and Levitsky HI. (1999). Hum Gene Ther,
10, 1983-1991.

Borrello IM, Levitsky HI, Stock W, Sher D, Qin L, DeAngelo DJ, Alyea EP,
Stone RM, Damon LE, Linker CA, Maslyar DJ and Hege KM. (2009). Blood,
114, 1736-1745.

Briassouli P, Chan F, Savage K, Reis-Filho JS and Linardopoulos S. (2007).
Cancer Research, 67, 1689-1695.

Burns JM, Summers BC, Wang Y, Melikian A, Berahovich R, Miao Z, Penfold
MET, Sunshine MJ, Littman DR, Kuo CJ, Wei K, McMaster BE, Wright K,
Howard MC and Schall TJ. (2006). The Journal of Experimental Medicine, 203,
2201-2213.

Camacho E, Bea S, Salaverria I, Lopez-Guillermo A, Puig X, Benavente Y, de
Sanjose S, Campo E and Hernandez L. (2006). Int J Cancer, 118, 357-363.

Campbell LJ, Fidler C, Eagleton H, Peniket A, Kusec R, Gal S, Littlewood TJ,
Wainscoat JS and Boultwood J. (2006). Leukemia, 20, 671-679.

Cashman J, Clark-Lewis I, Eaves A and Eaves C. (2002). Blood, 99, 792-799.
103



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44,

45.

46.

47.
48.

49.

Cathcart K, Pinilla-lbarz J, Korontsvit T, Schwartz J, Zakhaleva V,
Papadopoulos EB and Scheinberg DA. (2004). Blood, 103, 1037-1042.

Chandrasekharappa SC, Gross LA, King SE and Collins FS. (1993). Genes
Chromosomes & Cancer, 6, 245-248.

Chang Y-C, Tien S-C, Tien H-F, Zhang H, Bokoch GM and Chang Z-F. (2009).
Oncogene, 28, 4105-4115.

Chen, Y. T. Identification of human tumor antigens by serological expression
cloning: an online review on SEREX. Cancer Immun 2004 [updated 2004 Mar
10; cited 2004 Apr 1].URL.: http://www.cancerimmunity.org/serex, 2004.

Chen YY, Malik M, Tomkowicz BE, Collman RG and Ptasznik A. (2008).
Blood, 111, 5182-5186.

Chia SK, Wykoff CC, Watson PH, Han C, Leek RD, Pastorek J, Gatter KC,
Ratcliffe P and Harris AL. (2001). Journal of Clinical Oncology, 19, 3660-3668.

Chiche J, Brahimi-Horn MC and Pouysségur J. (2010). Journal of Cellular and
Molecular Medicine, 14, 771-794.

Choschzick M, Oosterwijk E, Muller V, Woelber L, Simon R, Moch H and
Tennstedt P. (2011). Virchows Arch, 459, 193-200.

Cilloni D and Saglio G. (2012). Clinical Cancer Research, 18, 930-937.

Cojoc M, Peitzsch C, Trautmann F, Polishchuk L, Telegeev GD and Dubrovska
A. (2013). Onco Targets Ther, 6, 1347-1361.

Crainie M, Belch AR, Mant MJ and Pilarski LM. (1999). Blood, 93, 1684-1696.
Cronin P, Wang J and Redmond HP. (2010). BMC Cancer, 10, 225.

De Carvalho DD, Binato R, Pereira WO, Leroy JMG, Colassanti MD, Proto-
Siqueira R, Bueno-Da-Silva AEB, Zago MA, Zanichelli MA, Abdelhay E,
Castro FA, Jacysyn JF and Amarante-Mendes GP. (2011). Oncogene, 30, 223-
233.

De Carvalho DD, Mello BP, Pereira WO and Amarante-Mendes GP. (2013).
Current Molecular Medicine, 13, 296-304.

Deininger MWN, Goldman JM and Melo JV. (2000). Blood, 96, 3343-3356.
Delarosa A, Williams RL and Steeg PS. (1995). Bioessays, 17, 53-62.

Deschénes-Simard X, Kottakis F, Meloche S and Ferbeyre G. (2014). Cancer
Research, 74, 412-419.

104


http://www.cancerimmunity.org/serex

50.

51.

52.

53.

54,

55.

56.

S7.

58.

59.
60.

61.

62.
63.

64.

65.

66.

Dewald B, Rindler-Ludwig R, Bretz U and Baggiolini M. (1975). J Exp Med,
141, 709-723.

Dixelius J, Larsson H, Sasaki T, Holmqvist K, Lu L, Engstram A, Timpl R,
Welsh M and Claesson-Welsh L. (2000). Blood, 95, 3403-3411.

Dong XW, Han ZC and Yang RC. (2007). Critical Reviews in Oncology
Hematology, 62, 105-118.

Druker BJ, Guilhot F, O'Brien SG, Gathmann I, Kantarjian H, Gattermann N,
Deininger MWN, Silver RT, Goldman JM, Stone RM, Cervantes F, Hochhaus
A, Powell BL, Gabrilove JL, Rousselot P, Reiffers J, Cornelissen JJ, Hughes T,
Agis H, Fischer T, Verhoef G, Shepherd J, Saglio G, Gratwohl A, Nielsen JL,
Radich JP, Simonsson B, Taylor K, Baccarani M, So C, Letvak L and Larson
RA. (2006). New England Journal of Medicine, 355, 2408-2417.

Druker BJ and Lydon NB. (2000). J Clin Invest, 105, 3-7.

Durig J, Rosenthal C, Elmaagacli A, Heyworth C, Halfmeyer K, Kasper C,
Novotny J and Duhrsen U. (2000). Leukemia, 14, 1652-1660.

Ebos JML, Lee CR, Cruz-Munoz W, Bjarnason GA, Christensen JG and Kerbel
RS. (2009). Cancer Cell, 15, 232-239.

el-Shami K and Smith BD. (2008). Leukemia, 22, 1658-1664.

Epping MT, Wang LM, Edel MJ, Carlee L, Hernandez M and Bernards R.
(2005). Cell, 122, 835-847.

Evans CG, Chang L and Gestwicki JE. (2010). J Med Chem, 53, 4585-4602.

Faderl S, Talpaz M, Estrov Z, O'Brien S, Kurzrock R and Kantarjian HM.
(1999). N Engl J Med, 341, 164-172.

Fernando NT, Koch M, Rothrock C, Gollogly LK, D'Amore PA, Ryeom S and
Yoon SS. (2008). Clinical Cancer Research, 14, 1529-1539.

Filipp FV. (2013). J Carcinog, 12-14.
Folkman J. (1995). Nature Medicine, 1, 27-31.

Fruehauf S, Srbic K, Seggewiss R, Topaly J and Ho AD. (2002). Leukoc Biol,
71, 425-432.

Fujiwara H, Melenhorst JJ, El Ouriaghli F, Kajigaya S, Grube M, Sconocchia G,
Rezvani K, Price DA, Hensel NF, Douek DC and Barrett AJ. (2005). Clinical
Cancer Research, 11, 4495-4503.

Furusato B, Mohamed A, Uhl+¢n M and Rhim JS. (2010). Pathology
International, 60, 497-505.

105



67.
68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

Gabai VL, Budagova KR and Sherman MY. (2005). 24, 3328-3338.

Gannagé M, Abel M, Michallet AS, Delluc S, Lambert M, Giraudier S, Kratzer
R, Niedermann G, Saveanu L, Guilhot F, Camoin L, Varet B, Buzyn A and
Caillat-Zucman S. (2005). The Journal of Immunology, 174, 8210-8218.

Garg M, Chaurasiya D, Rana R, Jagadish N, Kanojia D, Dudha N, Kamran N,
Salhan S, Bhatnagar A, Suri S, Gupta A and Suri A. (2007). Clinical Cancer
Research, 13, 1421-1428.

Garg M, Kanojia D, Khosla A, Dudha N, Sati S, Chaurasiya D, Jagadish N, Seth
A, Kumar R, Gupta S, Gupta A, Lohiya NK and Suri A. (2008). Cancer
Research, 68, 8240-8248.

Garg M, Kanojia D, Salhan S, Suri S, Gupta A, Lohiya NK and Suri A. (2009a).
Cancer, 115, 2671-2683.

Garg M, Kanojia D, Suri S, Gupta S, Gupta A and Suri A. (2009b). The Journal
of Clinical Endocrinology & Metabolism, 94, 4613-4618.

Geay JF, Buet D, Zhang Y, Foudi A, Jarrier P, Berthebaud M, Turhan AG,
Vainchenker W and Louache F. (2005). Cancer Research, 65, 2676-2683.

Gessler M, Konig A and Bruns GA. (1992). Genomics, 12, 807-813.

Ghaffari S, Jagani Z, Kitidis C, Lodish HF and Khosravi-Far R. (2003).
Proceedings of the National Academy of Sciences, 100, 6523-6528.

Giannopoulos K and Schmitt M. (2006). Leuk Lymphoma, 47, 2028-2036.

Giatromanolaki A, Koukourakis Ml, Sivridis E, Pastorek J, Wykoff CC, Gatter
KC and Harris AL. (2001). Cancer Research, 61, 7992-7998.

Gimm T, Wiese M, Teschemacher B, Deggerich A, Schadel J, Knaup KX,
Hackenbeck T, Hellerbrand C, Amann K, Wiesener MS, Haning S, Eckardt KU
and Warnecke C. (2010). The FASEB Journal, 24, 4443-4458.

Giodini A, Kallio MJ, Wall NR, Gorbsky GJ, Tognin S, Marchisio PC, Symons
M and Altieri DC. (2002). Cancer Research, 62, 2462-2467.

Goloudina AR, Demidov ON and Garrido C. (2012). Cancer Letters, 325, 117-
124.

Goulmy E. (1997). Immunol Rev, 157, 125-140.

Greco G, Fruci D, Accapezzato D, Barnaba V, Nisini R, Alimena G,
Montefusco E, Vigneti E, Butler R, Tanigaki N and Tosi R. (1996). Leukemia,
10, 693-699.

Greiner J, Li L, Ringhoffer M, Barth TF, Giannopoulos K, Guillaume P, Ritter
G, Wiesneth M, Dohner H and Schmitt M. (2005). Blood, 106, 938-945.

106



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Greiner J, Ringhoffer M, Taniguchi M, Schmitt A, Kirchner D, Krahn G,
Heilmann V, Gschwend J, Bergmann L, Dohner H and Schmitt M. (2002). Exp
Hematol, 30, 1029-1035.

Greiner J, Bullinger L, Guinn Ba, Déhner H and Schmitt M. (2008). Clinical
Cancer Research, 14, 7161-7166.

Greiner J and Schmitt M. (2008). European Journal of Haematology, 80, 461-
468.

Greiner J, Schmitt M, Li L, Giannopoulos K, Bosch K, Schmitt A, Dohner K,
Schlenk RF, Pollack JR, Dohner H and Bullinger L. (2006). Blood, 108, 4109-
4117.

Griffioen M, Kessler JH, Borghi M, van Soest RA, van der Minne CE, Nouta J,
van der Burg SH, Medema JP, Schrier P, Falkenburg JHF, Osanto S and Melief
CJM. (2006). Clinical Cancer Research, 12, 3130-3136.

Grube M, Moritz S, Obermann EC, Rezvani K, Mackensen A, Andreesen R and
Holler E. (2007). Clinical Cancer Research, 13, 1053-1060.

Guinn B, Bland EA, Lodi U, Liggins AP, Tobal K, Petters S, Wells JW, Banham
AH and Mufti GJ. (2005). Biochemical and Biophysical Research
Communications, 335, 1293-1304.

Giire AO, Stockert E, Scanlan MJ, Keresztes RS, Jager D, Altorki NK, Old LJ
and Chen YT. (2000). Proceedings of the National Academy of Sciences, 97,
4198-4203.

Hahnfeldt P, Panigrahy D, Folkman J and Hlatky L. (1999). Cancer Research,
59, 4770-4775.

Hajitou A, Grignet-Debrus C, Devy L, Berndt S, Blacher S, Deroanne CF, Bajou
K, Fong T, Chiang Y, Foidart JM and Nozl A. (2002). The FASEB Journal.

Hamada M, Yakushijin Y, Ohtsuka M, Kakimoto M, Yasukawa M and Fujita S.
(2003). British Journal of Haematology, 121, 439-447.

Hanai Ji, Dhanabal M, Karumanchi SA, Albanese C, Waterman M, Chan B,
Ramchandran R, Pestell R and Sukhatme VP. (2002). Journal of Biological
Chemistry.

Hartsough MT and Steeg PS. (2000). Journal of Bioenergetics and
Biomembranes, 32, 301-308.

Hasford J, Pfirrmann M, Hehlmann R+, Allan NC, Baccarani M, Kluin-
Nelemans JC, Alimena G, Steegmann JL and Ansari H. (1998). Journal of the
National Cancer Institute, 90, 850-859.

Hatfield K, Ryningen A, Corbascio M and Bruserud O. (2006). Int J Cancer,
119, 2313-2321.

107



99.

100.

101.

102.

103.

104.

105.
106.
107.

108.

109.

110.

111.

112.

113.

114.

Hattermann K and Mentlein R. (2013). Annals of Anatomy-Anatomischer
Anzeiger, 195, 103-110.

Hattori M, Sakamoto H, Satoh K and Yamamoto T. (2001). Cancer Letters, 169,
155-164.

He YB, Chang GD, Zhan SL, Song XM, Wang XF and Luo YZ. (2008).
Biochemical and Biophysical Research Communications, 370, 489-494.

Herbst RS, Mullani NA, Davis DW, Hess KR, McConkey DJ, Charnsangavej C,
OReilly MS, Kim HW, Baker C, Roach J, Ellis LM, Rashid A, Pluda J, Bucana
C, Madden TL, Tran HT and Abbruzzese JL. (2002). Journal of Clinical
Oncology, 20, 3804-3814.

Hernandez-Boluda JC, Bellosillo B, Vela MC, Colomer D, Alvarez-Larr+in A
and Cervantes F. (2005). Leuk Lymphoma, 46, 717-722.

Heslop HE, Stevenson FK and Molldrem JJ. (2003). Hematology Am Soc
Hematol Educ Program, 331-349.

Hillen F and Griffioen A. (2007). Cancer Metastasis Rev, 26, 489-502.
Holmberg M. (1992). Leuk Res, 16, 333-336.

Holyoake TL, Jiang X, Drummond MW, Eaves AC and Eaves CJ. (2002).
Leukemia, 16, 549-558.

Huang XF, Luo SK, Xu J, Li J, Xu DR, Wang LH, Yan M, Wang XR, Wan XB,
Zheng FM, Zeng Y X and Liu Q. (2008). Blood, 111, 2854-2865.

Hui LJ, Bakiri L, Mairhorfer A, Schweifer N, Haslinger C, Kenner L,
Komnenovic V, Scheuch H, Beug H and Wagner EF. (2007a). Nature Genetics,
39, 741-749.

Hui LJ, Bakiri L, Stepniak E and Wagner EF. (2007b). Cell Cycle, 6, 2429-
2433.

Hus I, Schmitt M, Tabarkiewicz J, Radej S, Wojas K, Bojarska-Junak A,
Schmitt A, Giannopoulos K, Dmoszynska A and Rolinski J. (2008). Leukemia,
22, 1007-1017.

Hussain SA, Ganesan R, Reynolds G, Gross L, Stevens A, Pastorek J, Murray
PG, Perunovic B, Anwar MS, Billingham L, James ND, Spooner D, Poole CJ,
Rea DW and Palmer DH. (2007). Br J Cancer, 96, 104-1009.

Ikeda H, Lethe B, Lehmann F, VanBaren N, Baurain JF, DeSmet C, Chambost
H, Vitale M, Moretta A, Boon T and Coulie PG. (1997). Immunity, 6, 199-208.

Ikezoe T, Yang J, Nishioka C, Tasaka T, Taniguchi A, Kuwayama Y, Komatsu
N, Bandobashi K, Togitani K, Koeffler HP and Taguchi H. (2007). Molecular
Cancer Therapeutics, 6, 1851-1857.

108



115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.
127.

128.

129.
130.

131.

132.

Imada K, Shiota M, Kohashi K, Kuroiwa K, Song Y, Sugimoto M, Naito S and
Oda Y. (2013). Clinical Cancer Research, 19, 4638-4650.

Inoue K, Ogawa H, Sonoda Y, Kimura T, Sakabe H, Oka Y, Miyake S, Tamaki
H, Oji Y, Yamagami T, Tatekawa T, Soma T, Kishimoto T and Sugiyama H.
(1997). Blood, 89, 1405-1412.

Ishikawa T, Nakashiro K, Klosek SK, Goda H, Hara S, Uchida D and
Hamakawa H. (2009). Oncology Reports, 21, 707-712.

Ishikawa T, Fujita T, Suzuki Y, Okabe S, Yuasa Y, Ilwai T and Kawakami Y.
(2003). Cancer Research, 63, 5564-5572.

Islam A, Kageyama H, Takada N, Kawamato T, Takayasu H, Isogai E, Ohira M,
Hashizume K, Kobayashi H, Kaneko Y and Nakagawara A. (2000). Oncogene,
19, 617-623.

Jabbour E and Kantarjian H. (2012). Am J Hematol, 87, 1037-1045.

Jagadish N, Rana R, Selvi R, Mishra D, Garg M, Yadav S, Herr JC, Okumura K,
Hasegawa A, Koyama K and Suri A. (2005). Biochemical Journal, 389, 73-82.

Jagani Z, Dorsch M and Warmuth M. (2010). Cell Cycle, 9, 3449-3456.

Janes MR, Limon JJ, So L, Chen J, Lim RJ, Chavez MA, Vu C, Lilly MB,
Mallya S, Ong ST, Konopleva M, Martin MB, Ren P, Liu Y, Rommel C and
Fruman DA. (2010). Nat Med, 16, 205-213.

Janoff A and Scherer J. (1968). The Journal of Experimental Medicine, 128,
1137-1155.

Jego G, Hazoume A, Seigneuric R and Garrido C. (2013). Cancer Letters, 332,
275-285.

Jelinek F, Sobotkova E and Vonka V. (2005). Folia Biologica, 51, 93-102.
Jena B, Dotti G and Cooper LIN. (2010). Blood, 116, 1035-1044.

Jiang J, Casalegno-Garduno R, Chen H, Schmitt A, Schmitt M and Maxwell
CA. (2010). ScientificWorldJournal, 10, 1244-1257.

Kajava AV. (1998). Journal of Molecular Biology, 277, 519-527.

Kanojia D, Garg M, Saini S, Agarwal S, Kumar R and Suri A. (2010). Leukemia
Research, 34, 858-863.

Kanojia D, Garg M, Gupta S, Gupta A and Suri A. (2009). Cancer
Epidemiology Biomarkers & Prevention, 18, 630-639.

Karthigeyan D, Prasad SBB, Shandilya J, Agrawal S and Kundu TK. (2011).
Med Res Rev, 31, 757-793.

109



133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Karumanchi SA, Jha V, Ramchandran R, Karihaloo A, Tsiokas L, Chan BD,
Dhanabal M, Hanai J, Venkataraman G, Shriver Z, Keiser N, Kalluri R, Zeng
HY, Mukhopadhyay D, Chen RL, Lander AD, Hagihara K, Yamaguchi Y,
Sasisekharan R, Cantley L and Sukhatme VP. (2001). Molecular Cell, 7, 811-
822.

Kato I, Niwa A, Heike T, Fujino H, Saito MK, Umeda K, Hiramatsu H, Ito M,
Morita M, Nishinaka Y, Adachi S, Ishikawa F and Nakahata T. (2011). PloS
One, 6, €27042.

Kawaguchi A, Orba Y, Kimura T, Iha H, Ogata M, Tsuji T, Ainai A, Sata T,
Okamoto T, Hall WW, Sawa H and Hasegawa H. (2009). Blood, 114, 2961-
2968.

Keller G, Brassat U, Braig M, Heim D, Wege H and Brummendorf TH. (2009).
Hematol Oncol, 27, 123-129.

Khan NI, Bradstock KF and Bendall LJ. (2007). British Journal of
Haematology, 138, 338-348.

Kim NW, Piatyszek MA, Prowse KR, Harley CB, West MD, Ho PLC, Coviello
GM, Wright WE, Weinrich SL and Shay JW. (1994). Science, 266, 2011-2015.

Kim YM, Hwang S, Kim YM, Pyun BJ, Kim TY, Lee ST, Gho YS and Kwon
YG. (2002). Journal of Biological Chemistry, 277, 27872-27879.

Kim YM, Jang JW, Lee OH, Yeon J, Choi EY, Kim KW, Lee ST and Kwon
YG. (2000). Cancer Research, 60, 5410-5413.

Kittang A, Hatfield K, Sand K, Reikvam H and Bruserud S. (2010). The
Chemokine System in Experimental and Clinical Hematology. Bruserud O. (ed).
Springer Berlin Heidelberg: pp. 149-172.

Kong X, Qian J, Chen LS, Wang YC, Wang JL, Chen H, Weng YR, Zhao SL,
Hong J, Chen YX, Zou W, Xu J and Fang JY. (2013). Journal of the National
Cancer Institute, 105, 1738-1749.

Konopleva M, Tabe Y, Zeng ZH and Andreeff M. (2009). Drug Resistance
Updates, 12, 103-113.

Korkmaz B, Horwitz MS, Jenne DE and Gauthier F. (2010). Pharmacological
Reviews, 62, 726-759.

Korkolopoulou P, Viniou N, Kavantzas N, Patsouris E, Thymara I, Pavliopoulos
PM, Terpos E, Stamatopoulos K, Plata E, Anargyrou K, Androulaki A, Davaris
P and Yataganas X. (2003). Leukemia, 17, 89-97.

Kryczek I, Wei S, Keller E, Liu R and Zou WP. (2007). American Journal of
Physiology-Cell Physiology, 292, C987-C995.

Kurzrock R, Gutterman JU and Talpaz M. (1988). N Engl J Med, 319, 990-998.
110



148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

Kurzrock R, Kantarjian HM, Druker BJ and Talpaz M. (2003). Annals of
Internal Medicine, 138, 819-830.

Kwong J, Hong LX, Liao R, Deng QD, Han JH and Sun PQ. (2009). Journal of
Biological Chemistry, 284, 11237-11246.

LaCasse EC, Baird S, Korneluk RG and MacKenzie AE. (1998). Oncogene, 17,
3247-32509.

Lakatosova-Andelova M, Duskova M, Lucansky V, Paral P and Vonka V.
(2009). International Journal of Oncology, 35, 213-222.

Lam JS, Pantuck AJ, Belldegrun AS, and Figlin RA. Curr.Oncol.Rep. 7[2], 109-
115. 2005.

Levitsky HI, Montgomery J, Ahmadzadeh M, Staveley-O'Carroll K, Guarnieri
F, Longo DL and Kwak LW. (1996). The Journal of Immunology, 156, 3858-
3865.

Li F, Ambrosini G, Chu EY, Plescia J, Tognin S, Marchisio PC and Altieri DC.
(1998). Nature, 396, 580-584.

Li WW, Hutnik M and Gehr G. (2008). British Journal of Haematology, 143,
622-631.

Li Z, Qiao Y, Liu B, Laska EJ, Chakravarthi P, Kulko JM, Bona RD, Fang M,
Hegde U, Moyo V, Tannenbaum SH, Ménoret A, Gaffney J, Glynn L, Runowicz
CD and Srivastava PK. (2005). Clinical Cancer Research, 11, 4460-4468.

Lin MTS, Pulkkinen L and Uitto J. (2000). Dermatologic Clinics, 18, 177-188.

Line A, Slucka Z, Stengrevics A, Silina K, Li G and Rees R. (2002). Cancer
Immunol Immunother, 51, 574-582.

Liu JP, Chen WS, Schwarer AP and Li H. (2010). Biochimica et Biophysica
Acta-Reviews on Cancer, 1805, 35-42.

Lucansky V, Sobotkova E, Tachezy R, Duskova M and Vonka V. (2009).
International Journal of Oncology, 35, 941-951.

Ludvikova V, Hamsikova E, Sobotkova E, Lucansky V, Smahel M and Vonka
V. (2005). International Journal of Oncology, 27, 265-274.

Lundberg LG, Lerner R, Sundelin P, Rogers R, Folkman J and Palmblad J.
(2000). American Journal of Pathology, 157, 15-19.

Majerska J, Sykorova E and Fajkus J. (2011). Mol BioSyst, 7, 1013-1023.

111



164.

165.

166.

167.

168.

169.

170.
171.
172.
173.
174.

175.

176.

177.

178.

179.

180.

181.

Maniotis AJ, Folberg R, Hess A, Seftor EA, Gardner LMG, Pe'er J, Trent JM,
Meltzer PS and Hendrix MJC. (1999). American Journal of Pathology, 155,
739-752.

Marley SB and Gordon MY'. (2005). Clin Sci, 109, 13-25.

Maslak PG, Dao T, Gomez M, Chanel S, Packin J, Korontsvit T, Zakhaleva V,
Pinilla-Ibarz J, Berman E and Scheinberg DA. (2008). Leukemia, 22, 1613-
1616.

Maxwell CA, McCarthy J and Turley E. (2008). Journal of Cell Science, 121,
925-932.

Mayerhofer M, Valent P, Sperr WR, Griffin JD and Sillaber C. (2002). Blood,
100, 3767-3775.

McManaman JL, Zabaronick W, Schaack J and Orlicky DJ. (2003). Journal of
Lipid Research, 44, 668-673.

Means AR. (2000). Molecular Endocrinology, 14, 4-13.

Melo JV. (1996). Leukemia, 10, 751-756.

Melo JV, Gordon DE, Cross NC and Goldman JM. (1993). Blood, 81, 158-165.
Melo JV, Myint H, Galton DA and Goldman JM. (1994). Leukemia, 8, 208-211.
Meraldi P, Honda R and Nigg E. (2002). The EMBO Journal, 21, 483-492.

Mohi MG, Boulton C, Gu TL, Sternberg DW, Neuberg D, Griffin JD, Gilliland
DG and Neel BG. (2004). Proceedings of the National Academy of Sciences of
the United States of America, 101, 3130-3135.

Morgan PE, Pastorekova S, Stuart-Tilley AK, Alper SL and Casey JR. (2007).
American Journal of Physiology - Cell Physiology, 293, C738-C748.

Morrison DK and Davis RJ. (2003). Annu Rev Cell Dev Biol, 19, 91-118.

Mosialos G, Hanissian SH, Jawahar S, Vara L, Kieff E and Chatila TA. (1994).
Journal of Virology, 68, 1697-1705.

Mosser DD and Morimoto RI. (2004). Oncogene, 23, 2907-2918.

Narita M, Masuko M, Kurasaki T, Kitajima T, Takenouchi S, Saitoh A,
Watanabe N, Furukawa T, Toba K, Fuse I, Aizawa Y, Kawakami M, Oka Y,
Sugiyama H and Takahashi M. (2010). Int J Med Sci, 7, 72-81.

Nieda M, Nicol A, Kikuchi A, Kashiwase K, Taylor K, Suzuki K, Tadokoro K
and Juji T. (1998). Blood, 91, 977-983.

112



182.

183.

184.

185.
186.
187.

188.

189.

190.

191.

192.
193.

194.

195.

196.

197.

198.

199.

Nikonova A, Astsaturov |, Serebriiskii I, Dunbrack R and Golemis E. (2013).
Cell Mol Life Sci, 70, 661-687.

Nimmanapalli R, O'Bryan E and Bhalla K. (2001). Cancer Research, 61, 1799-
1804.

Novellino L, Castelli C and Parmiani G. (2005). Cancer Immunology
Immunotherapy, 54, 187-207.

Nyberg P, Xie L and Kalluri R. (2005). Cancer Research, 65, 3967-3979.
Nylandsted J. (2009). Leukemia Research, 33, 205-206.

O'Hare T, Deininger MWN, Eide CA, Clackson T and Druker BJ. (2011).
Clinical Cancer Research, 17, 212-221.

Obata Y, Takahashi T, Sakamoto J, Tamaki H, Tominaga S, Hamajima N, Chen
YT and Old LJ. (2000). Cancer Chemother Pharmacol, 46 Suppl, S37-S42.

Ochi T, Fujiwara H, Suemori K, Azuma T, Yakushijin Y, Hato T, Kuzushima K
and Yasukawa M. (2009). Blood, 113, 66-74.

Okabe-Kado J, Kasukabe T and Honma Y. (1998). Leuk Lymphoma, 32, 19-28.

OReilly MS, Boehm T, Shing Y, Fukai N, Vasios G, Lane WS, Flynn E,
Birkhead JR, Olsen BR and Folkman J. (1997). Cell, 88, 277-285.

Osaka M, Koami K and Sugiyama T. (1997). Int J Cancer, 72, 696-699.

Ostler DA, Prieto VG, Reed JA, Deavers MT, Lazar AJ and Ivan D. (2010).
Mod Pathol, 23, 567-573.

Ouriaghli FE, Sloand E, Mainwaring L, Fujiwara H, Keyvanfar K, Melenhorst
JJ, Rezvani K, Sconocchia G, Solomon S, Hensel N and Barrett AJ. (2003).
Blood, 102, 3786-3792.

Paez-Ribes M, Allen E, Hudock J, Takeda T, Okuyama H, Vinals F, Inoue M,
Bergers G, Hanahan D and Casanovas O. (2009). Cancer Cell, 15, 220-231.

Pane F, Frigeri F, Sindona M, Luciano L, Ferrara F, Cimino R, Meloni G, Saglio
G, Salvatore F and Rotoli B. (1996). Blood, 88, 2410-2414.

Papadopoulos KP, Suciu-Foca N, Hesdorffer CS, Tugulea S, Maffei A and
Harris PE. (1997). Blood, 90, 4938-4946.

Pastorekova S, Parkkila S, Parkkila AK, Opavsky R, Zelnik V, Saarnio J and
Pastorek J. (1997). Gastroenterology, 112, 398-408.

Pastorekova S, Zavadova Z, Kostal M, Babusikova O and Zavada J. (1992).
Virology, 187, 620-626.

113



200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

Pendergast AM, Quilliam LA, Cripe LD, Bassing CH, Dai Z, Li N, Batzer A,
Rabun KM, Der CJ, Schlessinger J and . (1993). Cell, 75, 175-185.

Petrackova M, Sobotkova E, Duskova M, Jinoch P and Vonka V. (2009).
Neoplasma, 56, 194-201.

Petrackova M, Sobotkova E, Duskova M, Stanck L and Vonka V. (2010).
International Journal of Molecular Medicine, 26, S20.

Postel EH, Berberich SJ, Flint SJ and Ferrone CA. (1993). Science, 261, 478-
480.

Potter CPS and Harris AL. (2003). Br J Cancer, 89, 2-7.

Proto-Siqueira R, Figueiredo-Pontes LL, Panepucci RA, Garcia AB, Rizzatti
EG, Nascimento FM, Ishikawa HCF, Larson RE, Falcao RP, Simpson AJ, Gout
I, Filonenko V, Rego EM and Zago MA. (2006). Leukemia Research, 30, 1333-
1339.

Ptasznik A, Urbanowska E, Chinta S, Costa MA, Katz BA, Stanislaus MA,
Demir G, Linnekin D, Pan ZK and Gewirtz AM. (2002). The Journal of
Experimental Medicine, 196, 667-678.

Qin L, Smith BD, Tsai HL, Yaghi NK, Neela PH, Moake M, Fu J, Kasamon YL,
Prince GT, Goswami M, Rosner GL, Levitsky HI and Hourigan CS. (2013).
Blood Cancer Journal, 3, e145.

Quintarelli C, Dotti G, De Angelis B, Hoyos V, Mims M, Luciano L, Heslop
HE, Rooney CM, Pane F and Savoldo B. (2008). Blood, 112, 1876-1885.

Radich JP, Dai H, Mao M, Oehler V, Schelter J, Druker B, Sawyers C, Shah N,
Stock W, Willman CL, Friend S and Linsley PS. (2006). Proceedings of the
National Academy of Sciences of the United States of America, 103, 2794-2799.

Raman D, Baugher PJ, Thu YM and Richmond A. (2007). Cancer Letters, 256,
137-165.

Ramchandran R, Karumanchi SA, Hanai J, Alper SL and Sukhatme VP. (2002).
Critical Reviews in Eukaryotic Gene Expression, 12, 175-191.

Ratajczak MZ, Serwin K and Schneider G. (2013). Theranostics, 3, 3-10.

Rezvani K, Yong ASM, Mielke S, Savani BN, Musse L, Superata J, Jafarpour
B, Boss C and Barrett AJ. (2008). Blood, 111, 236-242.

Rezvani K, Yong ASM, Tawab A, Jafarpour B, Eniafe R, Mielke S, Savani BN,
Keyvanfar K, Li Y, Kurlander R and Barrett AJ. (2009). Blood, 113, 2245-2255.

Riley C, Mathieu M, Clark R, McArdle S and Rees R. (2009). Cancer Immunol
Immunother, 58, 1489-1499.

114



216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

Rindler-Ludwig R and Braunsteiner H. (1975). Biochim Biophys Acta, 379, 606-
617.

Rodriguez-Mora OG, Lahair MM, Evans MJ, Kovacs CJ, Allison RR, Sibata
CH, White KS, McCubrey JA and Franklin RA. (2006). Cancer Biology &
Therapy, 5, 1022-1030.

Rohon P. (2012). Int J Hematol, 96, 1-9.
Rojas JM, Knight K, Wang L and Clark RE. (2007). Leukemia, 21, 2287-2295.
Salvesen GS and Duckett CS. (2002). Nat Rev Mol Cell Biol, 3, 401-410.

Sasaki T, Larsson H, Kreuger J, Salmivirta M, Claesson-Welsh L, Lindahl U,
Hohenester E and Timpl R. (1999). Embo Journal, 18, 6240-6248.

Sattler M, Mohi MG, Pride YB, Quinnan LR, Malouf NA, Podar K, Gesbert F,
Iwasaki H, Li S, Van Etten RA, Gu H, Griffin JD and Neel BG. (2002). Cancer
Cell, 1, 479-492.

Scanlan MJ, Williamson B, Jungbluth A, Stockert E, Arden KC, Viars CS, Gure
AO, Gordan JD, Chen YT and Old LJ. (1999). Biochim Biophys Acta, 1445, 39-
52.

Scanlan MJ. (2001). Current Protocols in Immunology. John Wiley & Sons, Inc.

Scanlan MJ, Chen YT, Williamson B, Gure AO, Stockert E, Gordan JD, Tureci
O, Sahin U, Pfreundschuh M and Old LJ. (1998). Int J Cancer, 76, 652-658.

Schmidt SM, Schag K, Muller MR, Weinschenk T, Appel S, Schoor O, Weck
MM, Grunebach F, Kanz L, Stevanovic S, Rammensee HG and Brossart P.
(2004). Cancer Research, 64, 1164-1170.

Schmidt T and Carmeliet P. (2011). ASH Education Program Book, 2011, 1-8.

Schmitt M, Li L, Giannopoulos K, Chen J, Brunner C, Barth T, Schmitt A,
Wiesneth M, Dohner K, Dohner H and Greiner J. (2006). Exp Hematol, 34,
1709-1719.

Shang SJ, Takai N, Nishida M, Miyazaki T, Nasu K and Miyakawa 1. (2003).
International Journal of Molecular Medicine, 11, 181-186.

Shankar S, Mohapatra B and Suri A. (1998). Biochemical and Biophysical
Research Communications, 243, 561-565.

Shepherd P, Suffolk R, Halsey J and Allan N. (1995). British Journal of
Haematology, 89, 546-554.

Shirichi MASA and Hirata. (2001). The FASEB Journal, 15, 1044-1053.

115



233.

234.

235.

236.
2317.
238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

Siegel S, Steinmann J, Schmitz N, Stuhlmann R, Dreger P and Zeis M. (2004).
Leukemia, 18, 2046-2047.

Silke J and Vaux DL. (2001). Journal of Cell Science, 114, 1821-1827.

Sillaber C, Mayerhofer M, Aichberger KJ, Krauth MT and Valent P. (2004).
European Journal of Clinical Investigation, 34, 2-11.

Sison EA and Brown P. (2011). Expert Rev Hematol, 4, 271-283.
Smahel M, Sima P, Ludvikova V and Vonka V. (2001). Virology, 281, 231-238.
Smahel M. (2011). Cancer Immunol Immunother, 60, 1655-1668.

Smit WM, Rijnbeek M, van Bergen CA, de Paus RA, Vervenne HA, van de
Keur M, Willemze R and Falkenburg JH. (1997). Hum Immunol, 53, 216-223.

Smith BD, Kasamon YL, Kowalski J, Gocke C, Murphy K, Miller CB, Garrett-
Mayer E, Tsai HL, Qin L, Chia C, Biedrzycki B, Harding TC, Tu GH, Jones R,
Hege K and Levitsky HI. (2010). Clinical Cancer Research, 16, 338-347.

Sobotkova E, Duskova M, Tachezy R, Petrackova M and Vonka V. (2009).
Oncology Reports, 21, 793-799.

Sobotkova E, Ludvikova V, Petrackova A, Duskova M, Smetana K, Jelinek F,
Marinov | and Vonka V. (2005). Folia Biologica, 51, 12-18.

Sokal JE, Cox EB, Baccarani M, Tura S, Gomez GA, Robertson JE, Tso CY,
Braun TJ, Clarkson BD and Cervantes F. (1984). Blood, 63, 789-799.

Specchia G, Mininni D, Guerrasio A, Palumbo G, Pastore D and Liso V. (1995).
Leuk Lymphoma, 18, 37-42.

Stahl JA, Leone A, Rosengard AM, Porter L, King CR and Steeg PS. (1991).
Cancer Research, 51, 445-449.

Standker L, Schrader M, Kanse SM, Jurgens M, Forssmann WG and Preissner
KT. (1997). Febs Letters, 420, 129-133.

Steeg PS, Bevilacqua G, Kopper L, Thorgeirsson UP, Talmadge JE, Liotta LA
and Sobel ME. (1988). Journal of the National Cancer Institute, 80, 200-204.

Straub BK, Herpel E, Singer S, Zimbelmann R, Breuhahn K, Macher-
Goeppinger S, Warth A, Lehmann-Koch J, Longerich T, Heid H and
Schirmacher P. (2010). Mod Pathol, 23, 480-492.

Stubbs M, McSheehy PMJ, Griffiths JR and Bashford CL. (2000). Molecular
Medicine Today, 6, 15-19.

Sudhakar A, Sugimoto H, Yang C, Lively J, Zeisberg M and Kalluri R. (2003).
Proceedings of the National Academy of Sciences, 100, 4766-4771.

116



251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.
265.

266.

Suemori K, Fujiwara H, Ochi T, Azuma T, Yamanouchi J, Narumi H,
Yakushijin Y, Hato T, Hasegawa H and Yasukawa M. (2008). Cancer Science,
99, 1414-14109.

Suri A, Saini S, Sinha A, Agarwal S, Verma A, Parashar D, Singh S, Gupta N
and Jagadish N. (2012). Oncolmmunology, 1, 1194-1196.

Svastova E, Zilka N, Zat'ovicova M, Gibadulinova A, Ciampor F, Pastorek J and
Pastorekova S. (2003). Experimental Cell Research, 290, 332-345.

Svastova E, Witarski W, Csaderova L, Kosik I, Skvarkova L, Hulikova A,
Zatovicova M, Barathova M, Kopacek J, Pastorek J and Pastorekova S. (2012).
Journal of Biological Chemistry, 287, 3392-3402.

Tabe Y, Jin L, Iwabuchi K, Wang RY, Ichikawa N, Miida T, Cortes J, Andreeff
M and Konopleva M. (2012). Leukemia, 26, 883-892.

Takacova M, Barathova M, Hulikova A, Ohradanova A, Kopacek J, Parkkila S,
Pastorek J, Pastorekova S and Zatovicova M. (2007). Int J Oncol, 31, 1103-
1110.

Takai N, Miyazaki T, Nishida M, Nasu K and Miyakawa I. (2002). Cancer
Letters, 183, 185-193.

Traer E, MacKenzie R, Snead J, Agarwal A, Eiring AM, O'Hare T, Druker BJ
and Deininger MW. (2012). Leukemia, 26, 1140-1143.

Tschiedel S, Gentilini C, Lange T, Wolfel C, Wolfel T, Lennerz V, Stevanovic
S, Rammensee HG, Huber C, Cross M and Niederwieser D. (2008). Leukemia,
22, 1542-1550.

Tschiedel S, Bach E, Jilo A, Wang SY, Lange T, Al-Ali HK, Vucinic V,
Niederwieser D and Cross M. (2012). Leuk Lymphoma, 53, 1569-1576.

Tureci O, Usener D, Schneider S and Sahin U. (2005). Methods Mol Med, 109,
137-154.

Turley EA, Belch AJ, Poppema S and Pilarski LM. (1993). Blood, 81, 446-453.

Van Driessche A, Berneman ZN and Van Tendeloo VFI. (2012). The
Oncologist, 17, 250-259.

van Noesel MM and Versteeg R. (2004). Gene, 325, 1-15.

Vandercappellen J, Van Damme J and Struyf S. (2008). Cancer Letters, 267,
226-244.

Varma N, Anand MS, Varma S and Juneja SS. (2011). Leuk Lymphoma, 52,
687-693.

117



267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

Vlaanderen J, Lan Q, Kromhout H, Rothman N and Vermeulen R. (2012). Am J
Ind Med.

Vonderheide RH, Hahn WC, Schultze JL and Nadler LM. (1999). Immunity, 10,
673-679.

Vonka V. (2010). Immunotherapy, 2, 227-241.

Wadelin F, Fulton J, McEwan P, Spriggs K, Emsley J and Heery D. (2010).
Molecular Cancer, 9, 226.

Wagner WM, Ouyang Q and Pawelec G. (2003). Cancer Immunol Immunother,
52, 89-96.

Walsby E, Walsh V, Pepper C, Burnett A and Mills K. (2008). Haematologica,
93, 662-669.

Wang CH, Ma N, Lin YT, Wu CC, Hsiao M, Lu FL, Yu CC, Chen SY and Lu J.
(2012). Stem Cells, 30, 2199-2211.

Warburg O. (1956). Science, 123, 309-314.

Ward AC, Loeb DM, Soede-Bobok AA, Touw IP and Friedman AD. (2000).
Leukemia, 14, 973-990.

Weisberg E, Manley PW, Breitenstein W, Bruggen J, Cowan-Jacob SW, Ray A,
Huntly B, Fabbro D, Fendrich G, Hall-Meyers E, Kung AL, Mestan J, Daley
GQ, Callahan L, Catley L, Cavazza C, Azam M, Neuberg D, Wright RD,
Gilliland DG and Griffin JD. (2005). Cancer Cell, 7, 129-141.

Williams CL, Phelps SH and Porter RA. (1996). Biochemical Pharmacology,
51, 707-715.

Wilson TJ, Nannuru KC, Futakuchi M and Singh RK. (2010). Cancer Lett, 288,
162-1609.

Wilson TJ, Nannuru KC and Singh RK. (2009). Mol Cancer Res, 7, 1224-1233.

Witko-Sarsat 'V, Canteloup S, Durant S, Desdouets C, Chabernaud R,
Lemarchand P and Descamps-Latscha B. (2002). Journal of Biological
Chemistry, 277, 47338-47347.

Wu CJ, Biernacki M, Kutok JL, Rogers S, Chen L, Yang XF, Soiffer RJ and
Ritz J. (2005). Clinical Cancer Research, 11, 4504-4511.

Yang D, Welm A and Bishop JM. (2004). Proceedings of the National Academy
of Sciences of the United States of America, 101, 15100-15105.

Yang XF, Wu CJ, McLaughlin S, Chillemi A, Wang KS, Canning C, Alyea EP,
Kantoff P, Soiffer RJ, Dranoff G and Ritz J. (2001). Proceedings of the National
Academy of Sciences, 98, 7492-7497.

118



284.

285.

286.

287.

288.

289.

290.
291.
292.

293.

294.

295.

296.
297.
298.

Yong AS, Keyvanfar K, Eniafe R, Savani BN, Rezvani K, Sloand EM, Goldman
JM and Barrett AJ. (2008). Leukemia, 22, 1721-1727.

Yu W, Sun X, Tang H, Tao Y and Dai Z. (2010). Leuk Lymphoma, 51, 1098-
1107.

Zagzag D, Lukyanov Y, Lan L, Ali MA, Esencay M, Mendez O, Yee H, Voura
EB and Newcomb EW. (2006). Lab Invest, 86, 1221-1232.

Zavada J, Zavadova Z, Pastorek J, Biesova Z, Jezek J and Velek J. (2000).
British Journal of Cancer, 82, 1808-1813.

Zavada J, Zavadova Z, Pastorekova S, Ciampor F, Pastorek J and Zelnik V.
(1993). Int J Cancer, 54, 268-274.

Zavada J, Zavadova Z, Zat'ovicova M, Hyrsl L and Kawaciuk 1. (2003). Br J
Cancer, 89, 1067-1071.

Zavadova Z and Zavada J. (2005). Oncology Reports, 13, 977-982.
Zhang H, Li H, Xi HS and Li S. (2012). Blood, 119, 2595-2607.

Zhang M, Sukhumalchandra P, Enyenihi AA, StJohn LS, Hunsucker SA,
Mittendorf EA, Sergeeva A, Ruisaard K, Al-Atrache Z, Ropp PA, Jakher H,
Rodriguez-Cruz T, Lizee G, Clise-Dwyer K, Lu S, Molldrem JJ, Glish GL,
Armistead PM and Alatrash G. (2013). Clinical Cancer Research, 19, 247-257.

Zhelyazkova AG, Tonchev AB, Kolova P, Ivanova L and Gercheva L. (2008).
Scand J Clin Lab Invest, 68, 492-500.

Zheng X, Oancea C, Henschler R, Moore MA and Ruthardt M. (2009). PLoS
One, 4, e7661.

Zhou H, Kuang J, Zhong L, Kuo WI, Gray J, Sahin A, Brinkley B and Sen S.
(1998). Nat Genet, 20, 189-193.

Zhou XZ. (2011). Oncotarget; Vol 2, No 10: October 2011.
Zlotnik A. (2008). J Pathol, 215, 211-213.

Zou YR, Kottmann AH, Kuroda M, Taniuchi I and Littman DR. (1998). Nature,
393, 595-599.

119



P¥ilohy

Krmencikova M, Stanek L., Petrackova M., Dundr P., Vonka V.. Unexpected
properties of endostatin-producing mouse BCR-ABL-transformed cells. Int J Oncology
40: 487-493, 2012, IF: 2,657

Lucansky V.", Krmencikova-Fliegl M.", Stanek L., Vonka V.: Administering a plasmid
that expresses stromal derived factor-la (SDF-1a) influences mouse bcer-abl-
transformed cells oncogenic potential. Molecular Medicine Reports — pFijato do tisku,
IF: 1,17

“ Both should be considered as first authors.

120



INTERNATIONAL JOURNAL OF ONCOLOGY 40: 487-493, 2012

Unexpected properties of endostatin-producing
mouse BCR-ABL-transformed cells

MONIKA KRMENCIKOVA', LIBOR STANEK'?, MARTINA PETRACKOVA ',
PAVEL DUNDR? and VLADIMIR VONKA'

1Department of Experimental Virology, Institute of Hematology and Blood Transfusion, U Nemocnice 1, 128 20 Prague 2;

“Institute of Pathology, General Faculty Hospital, Studnickova 2, 128 00 Prague, Czech Republic

Received July 27, 2011; Accepted September 2, 2011

DOI: 10.3892/ijo.2011.1213

Abstract. We investigated whether a genetic modification of
BCR-ABL-transformed mouse cells that resulted in endostatin
(ES) production altered their oncogenic potential. Mouse B210
cells, which express p210°™**! fusion protein and induce leukemia-
like disease and extremely rarely solid tumors after intravenous
(iv.) administration, were used. The cells were transfected with
a plasmid carrying genes for mouse ES and resistance to blasti-
cidine. Transduced cells were isolated in media supplemented
with blasticidine. Production of ES was determined by Western
blotting. For further tests, two clones were selected, and their
pathogenicity after i.v. inoculation was tested. Compared with
the parental B210 cells, the capability of both gene-modified
cell clones to induce lethal leukemia was reduced. However,
mice that did not succumb to leukemia subsequently developed
solid tumors. They were composed of poorly differentiated cells
with irregular nuclei and roughly granular chromatin and were
well vascularized. FISH revealed the presence of the BCR-ABL
fusion gene both in tumors and spleens. Immunohistological
investigation of the tumors demonstrated the production of ES
in vivo and the cell lines derived from the tumors produced
detectable amounts of ES, this demonstrating that the formation
of solid tumors was not associated with the loss or silencing of
the ES gene.

Introduction

Tumor growth and the formation of metastases depend on the
development of a new network of vasculature that supplies the
tumors with nutrients and oxygen and removes metabolic waste.
There is evidence that angiogenesis is needed not only for the
growth of solid tumors but also for the development of hemato-
logical malignancies such as chronic myeloid leukemia (1).
Angiogenesis, a principal determinant of tumor growth (2)
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is a very complex process and an ever increasing number of
substances with either pro- or anti-angiogenic activity are being
recognized. It is believed that the abundant neoplastic vasculature
results from the shift of balance to a more pro-angiogenic state,
which is different from the classical one both in its structure and
behavior. The use of anti-angiogenic substances seems promising
in the therapy of cancer (3,4). Among the endogenously formed
substances recognized as suppressors of angiogenesis, atten-
tion has mostly concentrated on endostatin (ES), a proteolytic
20-kDa fragment of collagen XVIII which has already been
used in clinical trials (5). Although it is known that ES inhibits
endothelial cell proliferation and migration, promotes apoptosis
and induces growth arrest, the precise molecular mechanism of
its action has not been clarified as yet. Because of the broad
range of molecular targets for ES, it is believed that numerous
signalling pathways are involved in mediating its activities (6).
Its ability to reduce experimental tumor growth and metastazing
has repeatedly been demonstrated (7-9). In the previous experi-
ments of ours we showed that gene modification of two human
papillomavirus type 16 (HPV16)-transformed mouse cell lines
that resulted in ES production strongly reduced the oncogenicity
and metastizing ability of one but not of the other cell line tested
and that the loss of oncogenicity was associated with suppres-
sion of interleukin lo (IL1a) production (10). The aim of our
present study was to examine the effects of the same genetic
modification on the behavior of BCR-ABL-transformed mouse
B210 cells. These studies are a part of our efforts to develop
experimental vaccines against BCR-ABL-transformed cells and
to investigate certain mechanisms which might be useful in
strengthening the efficacy of such preparations (11).

Materials and methods

Cell lines and media. Mouse (Balb/c) B210 cells transformed by
the BCR-ABL fusion gene, were the same as in previous experi-
ments (12-14). These cells had been derived from the Ba/F3 cells
of an early B lineage by a retroviral vector carrying the human
BCR-ABL fusion gene (15). They produce the p210°™*! protein
and have down-regulated expression of MHC class I molecules.
After intravenous (i.v.) administration they induce leukemia-like
disease in syngeneic animals and very rarely intraabdominal
solid tumors (in <1% of inoculated animals) (Sobotkova and
Lucansky, unpublished data). B210 cells and their sublines (see
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below) were cultivated in RPMI-1640 medium (Sigma-Aldrich
Corp., St. Louis, MO) supplemented with 10% heat-inactivated
FCS (PAA Laboratories, Linz, Austria), 2 mmol/l glutamine and
antibiotics. In some experiments another BCR-ABL-transformed
mouse cell line, designated 12B1 (16), was used as a control. These
cells, kindly provided by E. Katsanis (University of Arizona) are
also of an early B lineage, produce the p210°™* fusion protein
in amounts comparable to B210 cells, but differ from them
in a number of properties (14,17) (Krmencikova et al, unpub-
lished data). 12B1 cells were cultivated in RPMI-1640 medium
supplemented with 10% heat-inactivated FCS and enriched with
1 mmol/l sodium pyruvate and 50 gmol/l 2-mercaptoethanol.
Transfected B210 cells were cultivated in medium supplemented
with 15 ug/ml blasticidine (InvivoGen, San Diego, CA). Human
umbilical-vein endothelial cells (HUVEC, Cascade Biologics,
UK) were incubated in Medium 200 supplemented with LSGS
Kit (Cascade Biologics, UK). TE-2 cells, an ES-producing cell
line derived from HPV16-transformed TC-1 cells (10), used
as a positive control in some tests, were cultivated in D-MEM
medium (PAA Laboratories, Linz, Austria) supplemented with
10% FCS and antibiotics. All cell lines were cultivated at 37°C in
a 5% CO, atmosphere.

Plasmids and transfection experiments. Plasmid pBLAST49-
mEndo (InvivoGen), carrying the genes for mouse ES and for
blasticidine resistance was used. It was propagated in E. coli
strain SURE: el4 (McrA) in TB medium containing 0.1 mg/ml
blasticidine (Fast Media Blas Liquid, Cayla-InvivoGen) and was
purified using the Qiagen Plasmid Maxi Kit (Qiagen, Germany).
Counts of 5x10° B210 cells were resuspended in 500 pl of
electroporation buffer (10% RPMI-1640 medium without FCS)
and put into an electroporation cuvette (Bio-Rad, Hercules,
CA). After adding 15 ug of plasmid DNA, the cells were kept
for 10 min at room temperature. They were then shocked once
at 280 V, capacitance 1050 yF, at room temperature. The Gene
Pulser® Electroporation system (Bio-Rad) was used. The cells
were then kept for 10 min at room temperature and transferred
into tissue culture dishes each containing 4 ml of complete RPMI
medium. After 48 h the transfected cells were transferred into the
selection medium supplemented with blasticidine (15 pg/ml).
Production of ES was determined by Western blotting (WB) (see
below).

Cell cloning. Transduced cells were diluted to a final concentra-
tion of 0.3 cell/0.2 ml in a mixture of complete RPMI medium
and filtered conditioned medium (2:1). The cell suspension was
pipetted into a 96-well plate, 0.2 ml per well (TPP, Trasadingen,
Switzerland). Four hours later we marked the wells containing
one cell. After 14-day incubation the cell suspensions were
transferred into dishes. Large stocks of the individual cloned
cell lines were prepared and kept frozen in liquid nitrogen until
investigation. In all experiments, the third passage of re-thawed
cells was used.

Detection of ES and IL1a by WB. The presence of ES was
monitored either in cell lysates or in concentrated tissue culture
media. When cell lysates were tested, counts of 12x10° cells
were harvested and lysed in 600 ul of lysis buffer containing
4% SDS, 20% glycerol, 10% mercaptoethanol, 2 mM EDTA,
100 mM Tris-Cl, pH 8.0. In the other case, counts of 1x10° cells
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were seeded in tissue culture dishes in 5 ml RPMI and cells were
incubated for 48 h. The media were harvested and concentrated
(20x) by using Amicon® Ultra centrifugal filters (Milipore,
USA); buffer (1:5) containing 4% SDS, 20% glycerol, 10%
mercaptoethanol, 2 mM EDTA, 100 mM Tris-Cl, pH 8.0 was
then added. Polyclonal goat anti-mouse ES antibody (Sigma-
Aldrich) and horseradish peroxidase-linked rat anti-goat IgG
(Amersham Biosciences, UK) were used. Anti-c-Abl (Ab-3)
mouse monoclonal antibody (Merck KGaA, Darmstadt,
Germany) and horseradish-linked peroxidase anti-mouse IgG
antibody (GE Healthcare Biosciences, PA, USA) were used for
the detection of ber-abl fusion protein. IL-1a was detected by
means of polyclonal rabbit anti-mouse IL-1a antibody (Abcam,
Cambridge, UK) and horseradish peroxidase-linked donkey anti-
rabbit IgG antibody (Amersham). The reactions were visualized
with the ECL Plus Western Blotting Detection System (GE
Heatlth Biosciences, PA, USA).

Flow cytometry for MHC Class I detection.Counts of 5x10° cells
were washed twice with washing buffer (0.09% NaNj, 2% FCS
in PBS). Cells were treated with FITC-conjugated anti-mouse
H-2KD? monoclonal antibody (Cedarlane, Hornby, Ontario,
Canada) or isotype control antibody (Sigma, St. Louis, MO) for
30 min at 4°C. Cells were washed and measured on a Coulter
Epics XL flow cytometer (Beckman Coulter, Fullerton, CA,
USA) and analysed by WinMDI 2.8 software. MHC class
I-positive 12B1 cells served as a control.

HUVEC proliferation assay. The procedure used was the same
as described previously (10). In brief, 20x concentrated media
from the cultures of the various cell lines were used. Counts
of 1x10° parental B210 cells or endostatin-producing B210
cells were incubated in 5-ml RPMI medium in 6-cm dishes
and cultivated for 48 h. Their media were then withdrawn and
concentrated. HUVEC cells were pipetted into 96-well plates;
100 pl of media contained 2x10° cells per well. The next day the
medium from HUVEC cultures was replaced with a mixture
of fresh regular HUVEC medium (90 pl) and concentrated
media (10 pl) from the cultures tested. Every 24 h the media
were replaced with a fresh medium mixture. HUVEC cells
proliferation was measured after 5-day cultivation by using
the CellTiter 96® AQueous Non-Radioactive Cell Proliferation
Assay (Promega, Madison, WI, USA). The growth of HUVEC
in their regular media, in media supplemented with concen-
trated media from B210 cells, and in media enriched with
concentrated media from ES-producing cells was tested in 24,
32 and 32 parallels, respectively.

Animal experiments. Six- to eight-week old Balb/c female mice
from Charles Rivers, Germany, were used. All experiments
were carried out in accordance with the Guidelines for Animal
Experimentation valid in the Czech Republic. Mice were
inoculated i.v. with counts of 10°, 5x10° or 10° cells and were
followed for at least 75 days. In all experiments the 3rd passage
cells derived from the big frozen stocks were used. In the case
of gene-modified cells, ES production was always monitored
prior to cell administration. In all instances freshly harvested
cells were washed three times in PBS before administration.
Experimental animals were humanely sacrificed using Narcotan
(Zentiva, Czech Republic).
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Figure 1. Endostatin (ES) production by B210/E cells. B210 cells were transfected with plasmid carrying the genes for murine endostatin (ES) and blasticidine
resistence. The transduced B210/E cells were isolated in the presence of blasticidine. Western blotting with cell lysates and polyclonal goat anti-endostatin
antibody. TE2 cells served as a positive control. Parental B210 cells served as a negative control.
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Figure 2. Endostatin (ES) production by transduced B210/E2 and B210/E3 cells. TE2 cells served as a positive control and B210 as a negative control. Western

blotting with concentrated media and polyclonal goat anti-endostatin antibody.

Autopsy and histological investigation. Both thoracic and
abdominal cavities were inspected. For histological investiga-
tion, selected tumors and organs were removed and immediately
placed into 10% buffered formaline (in PBS). Using a micro-
tome (Leova) parafin-embedded samples were cut into 3-5-ym
sections. Paraffin was removed with ethanol and xylene (Penta,
Czech Republic) and the slices were stained with hematoxylin
and eosin (Dako, Denmark).

Immunohistochemistry (ES). Deparaffinized sections from
tumors and spleens were incubated with goat polyclonal anti-
mouse-ES antibody (Sigma-Aldrich) in Dako REAL Antibody
Diluent (Dako) (1:250) for 1 h. Samples were washed in PBS
and subsequently treated with the Universal Immuno-enzyme
Polymer reagent Histofine® (Nichirei Biosciences, Tokyo, Japan),
following the manufacturer's instructions. Sections untreated with
anti-ES antibody served as controls. A further set of controls was
represented by sections from organs taken from B210-inoculated
animals. DAB™ substrate chromogen (Dako) was used for visu-
alization. Finally, cells were stained with hematoxylin and eosin
(Dako). Materials taken from mice inoculated with the original
B210 cells were used as a negative control.

FISH. After deparaffinization, the slices were treated with sodium
thiocyanate (Sigma-Aldrich), digested by protease II (3 mg in
40 ml of physiological saline, pH <2.0) (Abbott Molecular, IL,
USA) for 75 min and fixed in bufferred formaline (solution in
PBS). An LSI BCR/ABL Dual Color, Dual Fusion Translocation
Probe (Abbott Molecular) was used for the detection of the
BCR-ABL fusion gene, following the manufacturer's instruc-
tions. Fluorescence signals were detected with the use of an
Olympus ProVis XC70 microscope.

Statistical methods. Statistical data were analysed using Prism
Software Version 5.0 (Graph-Pad Software, San Diego, CA).

Results

After transfection with the plasmid carrying the genes for
mouse ES and for resistance to blasticidine, cells were cultivated
in the presence of blasticidine, in parallel with mock-transfected
cells. Transduced cells were readily selected and grew well in
this medium, while control nontransfected cells died out within
10 days. The lysates of cells growing in the presence of blasti-
cidine were tested for the production of ES. The results of WB
shown in Fig. 1 indicate that ES was produced by these cells.
From the population of the transduced cells we isolated 10 cell
clones. Concentrated media from their cultures were subse-
quently tested for ES production using WB. Six of these clones
produced ES in amounts detectable by WB. For subsequent
tests we selected two of these clones, namely that one with the
highest (clone B210/E2) and one with a lower production of ES
(clone B210/E3) Fig. 2. The production of ES remained stable in
the course of 15 in vitro passages (data not shown).

To demonstrate that the ES produced by the transduced
cells was biologically active, its influence on the proliferation
of HUVEC cells was tested. Media from the parental B210
culture and from the B210/E2 culture were used in this assay.
The optical density of cells treated with medium M200 was
taken as 100%. The results shown in Fig. 3 indicate that the
medium from ES-producing cells, but not from the parental,
unmodified B210 cells, reduced the proliferation of HUVEC
cells (p<0.001).

Next, we tested the production of the p210°™~*' protein by
the gene-modified cells. The results are shown in Fig. 4. They
suggested that production of the p210*™*! protein was some-
what higher in the transduced cells than in the parental B210
cells. This result was confirmed in repeated tests.

To further characterize these cells we tested them for the
expression of MHC I molecules. As indicated in Fig. 5, neither
the original B210 cells nor their gene modified sublines produced
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Figure 3. HUVEC proliferation assay in vitro. HUVEC cells cultivated in media
M200, in media M200 supplemented with concentrated RPMI medium from
parental B210 cells (M200+B210) and from endostatin-producing B210/E2
cells (M200+B210/E2).
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detectable amounts of MHC I molecules when cultivated
in vitro, this indicating that the down-regulation of the MHC I
present in B210 cells was not altered by the genetic manipulation
performed.

Since we had previously demonstrated that the produc-
tion of ES in another mouse cell line was associated with
the loss of oncogenicity connected with the suppression of
the IL1a production, we tested both the B210 cells and their
ES producing sublines for the presence of this cytokine. The
production of IL-1a was not detected in any of these cells (data
not shown).

To determine the oncogenic potential of the ES-producing
cells, mice were inoculated intravenously with the parental
and the ES-producing cells. The results obtained in animals
inoculated with 10° cells are shown in Fig. 6. As expected, all
mice inoculated with the parental B210 cells died of leukemia
before day 20. The survival of animals inoculated with the ES

B210/E2 B210/E3

«55kDa B-tubulin

Figure 4. Production of p210**®! protein by parental B210 cells and by B210/E2 and B210/B3. Western blotting with cell lysates and monoclonal abl-antibody.
TE-2 cells served as negative control. B-tubulin served as protein loading control.
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Figure 5. Expression of MHC class I molecules on parental B210 cells and on B210/E2 and B210/E3 cells: empty histograms represent cells incubated with
isotype control antibodies; filled histograms represent cells incubated with specific antibodies. B210 cells served as a negative control, 12B1 cells served as a

positive control.
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Figure 6. Oncogenicity of parental B210 cells and B210/E2 and B210/E3
cells; cells (10°) were inoculated intravenously. Eight animals per group were
used.

Table I. Incidence of solid tumors in mice inoculated intra-
venously with parental B210 cells and B210/E2 and B210/E3
cells.

No. of cells inoculed B210 B210/E2 B210/E3

10° 0/8° 4/8 3/8

“No. of animals with solid tumor/no. of animals inoculated.

producing cells was prolonged (p<0.001). Surprisingly, a number
of mice, which did not succumb to leukemia in the course of
a 30-day period after inoculation, later on developed multiple
solid intraabdominal, intrathoracic and subcutaneous tumors. As
shown in Table I, solid tumors were observed in nearly half of the
animals inoculated with 10° gene-modified cells. A solid tumor
was also seen in 1 of 8 animals inoculated with 5x10° B210/E2
cells, but such tumors were never detected in animals inoculated
with 105 cells (data not shown). A typical intraabdominal tumor
induced by B210/E2 cells is shown in Fig. 7A. These tumors were
rapidly growing enveloping different organs, however, mucous
membranes were never afflicted (Fig. 7B). Histologically, the
tumors were diffuse lymphomas composed of lowly differenti-
ated cells with irregular nuclei and roughly granular chromatin.
They were well vascularized (Fig. 7C). Tumors induced by the
two transduced cell lines somewhat differed. B210/E2 tumors
grew more aggressively and tended to spread more rapidly. B210/
E3 induced tumors were smaller, less diffuse and were well
separated from the adherent tissues. Using FISH, we were able to
detect the BCR-ABL fusion gene in the tumor cells (Fig. 7D), this
proving that the tumors had been induced by the cells inoculated.
In addition, using polyclonal anti-ES antibody, we demonstrated
ES production in the tumor cells (Fig. 7E). From several tumors
we isolated cell lines producing ES demonstrable in cell lysates
by WB. These findings convincingly showed that the solid tumor
formation was not due to the loss or silencing of the ES gene.
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In autopsied solid-tumor bearing animals, hepatospleno-
megaly similar to that seen in animals, which had succumbed to
leukemia, was also observed. Apparently, it was associated with
the infiltration by leukemic cells. Leukemic cells were demon-
strated in blood smears (data not shown) and also in spleens as
revealed by both the hybridization test (Fig. 8A) and immuno-
histochemistry (Fig. 8B).

Discussion

In the present series of experiments we used B210 cells, a
mouse cell line transformed by the BCR-ABL fusion gene,
which are capable of inducing leukemia-like disease after intra-
venous inoculation into syngeneic animals. For the isolation of
ES-transduced cells, we used the same plasmid, i.e., a plasmid
carrying the mouse ES gene and the gene for blasticidine resis-
tance, as in previous experiments (10) and the transduced cells
were isolated in medium supplemented with blasticidine. The
clonal analysis revealed that the population was quite heteroge-
neous as far as the production of ES is concerned. 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 cells. Prior to performing in vivo experiments, we tested the
two lines in vitro. As expected, the transduced cells mimicked
the parental cells by the downregulation of MHC class I mole-
cules and also by the expression of other surface markers tested
(Petrackova et al, unpublished data). Trying to find an analogy
with the system we had studied previously, we also monitored
the expression of IL1a. These efforts failed completely. We
did not find detectable amounts of this cytokine either in the
parental cells or in the transduced cells.

Quite surprising were the results obtained when we tested the
oncogenic potential of the ES-producing cells. 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,
all 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, intra-
abdominal 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. Thus, it seems clear that ES production was insufficient
to suppress angiogenesis in the present system. The mechanisms
of its failure are not understood at this moment. Still, several
explanations may be offered. The activities of pro-angiogenic
molecules present in the tumor environment or produced by the
tumor cells themselves may have been able to sustain the aberrant
angiogenesis. It should be recalled that increased expression of
pro-angiogenic factors in BCR-ABL-transformed cells has been
reported (18), thus these cells might be well equipped to resist the
effects of ES or similar substances. It has also been reported that
the growth of tumors induced by cells gene-modified to express
ES or other endogenous angiogenic inhibitors, such as thrombo-
spondin 1 or tumstatin, was associated with an overexpression
of several pro-angiogenic factors such as VEGF or PDGF, this
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Figure 7. Intraabdominal tumor in a mouse inoculated intravenously with 10° B210/E2 cells. Autopsy carried out on day 52 after inoculation (A). Tumor envel-
oping intestine induced after intravenous inoculation of 10° B210/E2 cells. Stained with hematoxylin and eosin (x100) (B). Well-vascularized tumor induced after
intravenous inoculation of 10° B210/E2 cells. Stained with hematoxylin and eosin (x400) (C). Presence of BCR-ABL fusion gene (orange fluorescent spots) in
tumor induced after intravenous inoculation of 10° B210/E2 cells, as determined by FISH (x1000) (D). Determination of endostatin production in tumor induced
by B210/E2 by means of polyclonal goat anti-endostatin antibody and Histofine (E). (E) (a), Untreated with anti-endostatin antibody, treated with Histofine.
(b) Treated with anti-endostatin antibody and Histofine (x200).
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Figure 8. Presence of BCR-ABL-positive cells (orange fluorescent spots, arrows) in spleen of a mouse inoculated with B210/E2 cells, as determined by FISH (A).
(A) (a), Spleen from a healthy mouse. (b), Spleen from a mouse with tumor induced by B210/E2 cells (x1000). Presence of endostatin-producing cells in spleen
of a mouse with tumor induced by B210/E2 cells, as determined by polyclonal goat anti-endostatin antibody and Histofine (B). (B) (a), Spleen from a healthy
mouse. (b), Spleen from a mouse with tumor induced by B210/E2 cells (x200).
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was not seen in tumors formed by the parental gene-unmodified
cells (19). It has also been shown that pharmacologic inhibitors
targeting the VEGF pathway can alter the tumor biology, viz.
heighten its invasiveness and increase its metastatic potencial,
possibly as an adaptation reaction leading to activation of growth
programs different from those used in normal tumor growth
(20,21). It is, however, also possible that the vasculature network
in the present system was composed of dedifferentiated tumor
cells which transdifferentiated into cells expressing endothelial
markers. This phenomenon known as vasculogenic mimicry
(22,23) has been reported to be resistant to endostatin (24).

Another observation that might be of interest concerns the
differences in the in vivo behavior of the tumors induced by the
high and low ES-producers, although no marked differences
were observed in their histological patterns. However, it is hard
to assume that the differences found were associated with the
extent of ES production. It is more likely that they just reflected
an interclonal variation. Certainly, more than two clones
differing in ES production should be tested prior to making
even a cautious suggestion that such an association might exist.

It is difficult to explain why the ES-producing cells tended to
form solid tumors, which are extremely rare in animals inoculated
with their parental cells. Even the solid tumor-bearing animals
had signs of leukemia, as evidenced by hepatosplenomegaly and
the presence of tumor cells in peripheral blood smears and in
their spleens. It is possible to speculate that the original B210
cells have an inherent capability of inducing solid tumors as the
transduced cells did, but that it cannot manifest itself because
the incubation period for solid tumor formation is quite long and
the animals inoculated with the parental cells die of leukemia
before they can develop such tumors. In this respect it may
be of interest that in the recent past we observed an increased
occurrence of solid tumors in mice inoculated with B210 cells
and then treated for some time with imatininib mesylate (IM).
Some of these animals, which did not succumb to leukemia
developed lymphoma-like tumors weeks after IM treatment had
been stopped. Some solid tumors also developed in few animals
immunized with plasmids carrying the BCR-ABL fusion gene
(unpublished data). Whenever in the previous experiments
solid tumors appeared they were always detected 40 days or
more after the inoculation of the cells. Should this reasoning
be correct then one could conclude that in the present experi-
ments ES production resulted in an attenuation of leukemia-like
disease but did not significantly influence the capability of B210
cells to induce solid tumor formation. Experiments aiming at
a more detailed analysis of the phenomena observed are under
preparation.
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Abstract

Stromal derived factor 1o (SDF-1a, also called CXCL12) is a chemokine that
exerts its effects through the G-protein coupled receptors CXCR4 and CXCR7. There is
strong evidence that the SDF-1/CXCR4 axis is involved in the pathogenesis of leukemia
and therapies that target this axis are under development. In this study, we attempted to
increase the efficacy of a DNA based bcr-abl vaccine by simultaneously immunizing
mice with a plasmid carrying the whole SDF-1a gene. Bcr-abl-transformed 12B1 cells
were used to challenge mice. These cells have the oncogenic potential to induce both
leukemia after intravenous inoculation and lymphoma-type solid tumors after
subcutaneous inoculation. Administering an SDF-1 carrying plasmid together with the
ber-abl vaccine resulted in a somewhat increased survival after a challenge with
subcutaneously administered 12B1 cells, although the difference was not statistically
significant. However, there was a difference when animals that developed subcutaneous
tumors were only taken into consideration. In doubly-treated mice, significantly more
mice failed to develop solid tumors than mice that had only received the bcr-abl
vaccine. In contrast, the occurrence of fatal leukemia was significantly higher for mice
that were treated with the SDF-1 plasmid, regardless of whether they were immunized
with the bcr-abl-vaccine. No humoral or cellular immune responses against SDF-1 were
detected in treated mice, which suggested that the changes in oncogenic potential of
12B1 cells were due to the activity of SDF-1 itself.



Introduction

Stromal-derived factor-1o (SDF-1a), also known as CXCL12, is one of about 50
soluble peptides that have been characterized as chemokines. SDF-1a is expressed in a
wide range of malignant tissues as well as in various normal tissues. Its physiological
expression has been documented in a number of organs, including heart, brain, kidney,
adrenal glands, liver, lung, skeletal muscles, lymphoid organs, and bone marrow (1,2).
In these tissues, vascular endothelial cells, stromal fibroblasts, and osteoblasts are major
SDF-la producers (2). SDF-la secretion increases during tissue damage, limb ischemia,
toxic liver damage, excessive bleeding, total body irradiation, and damage related to
chemotherapy.

SDF-la was originally described as a pre-B cell growth factor (3). However, a
number of functions for this chemokine have subsequently been determined. Under
normal conditions, SDF-1 participates in regulating hematopoiesis and modulating the
immune system via signaling through CXCR4 receptors, which mediate chemotaxis and
play an important role in cell homing responses (4,5). It is also a modulator of cell
growth and survival (6). CXCR4 was thought to be the only receptor for this
chemokine. However, it has been found that SDF-1a also reacts with CXCR?7 receptors
(7). A considerable amount of information on CXCR4 and CXCR7 receptors has
accumulated in recent years (8).

SDF-1a influences the chemoattraction of CXCR4+ cells, which is necessary for
tissue/organ regeneration (9,10). For oncological malignancies, the SDF-1a/CXCR4
axis promotes tumor progression by several different mechanisms. The most important
of these appear to be: (1) directly supporting the growth of neoplastic cells; (2)
promoting metastatic spread to organs that highly express SDF-1a; and (3) supporting
tumor angiogenesis by attracting endothelial cells to the tumor microenvironment and
reducing extracellular angiostatin levels by downregulating phosphoglycerate kinase
(PGK) (2,4,9,11,12,13). It has also been shown that SDF-1a promotes cytotoxic T cell
apoptosis (14).

Stromal elements are attractive therapeutic targets because of their roles in tumor
biology (15) and a number of studies that target the SDF-1a/CXCR4 axis are currently
under way. It has already been shown that CXCR4 antagonists may have anti-tumor
activity in patients with various malignancies (16). This treatment has affected both the
capability to disseminate tumor cells and the sensitivity of a tumor to immunotherapy
(17).



In this study, we used bcr-abl-transformed mouse 12B1 cells and investigated
the effects of SDF-1a administration on the efficacy of a DNA vaccine carrying a
complete bcr-abl fusion gene. Our original idea was that repeated intracutaneous
administration of a plasmid carrying the SDF-1a gene might induce immune reactions
against this chemokine and result in enhancing the immunogenicity of the bcr-abl-
directed vaccine. Our results indicated that this did not occur. However, we did find that
administering this chemokine resulted in a change in the oncogenic potential of bcr-abl-
transformed mouse 12B1 cells.
Material and methods
Cells

12B1 cells derived from BALB/c mouse bone marrow cells transfected with a
human bcr-abl fusion gene and expressing the BCR-ABL fusion protein (18) were the
same as used in previous experiments (19,20,21). These cells are of early B-cell lineage
(Krmencikova-Fliegl; manuscript in preparation) and induce acute leukemia-like disease
after intravenous inoculation, but form solid tumors when administered subcutaneously.
To monitor the activity of a newly constructed plasmid (see below), 293T cells were
used. These were cultured as described (22). K562 and HelLa cells were used as positive
controls for Western blotting. HeLa cell line was grown in D-MEM (PAA Laboratories,
Pasching, Austria) supplemented with 10% fetal bovine serum (PAA Laboratories,

Pasching, Austria) and antibiotics. K562 cells were cultured as described previously

(23).

Mice
Female BALB/c mice aged 5-6 weeks were obtained from Charles River
Laboratories, Germany. All experimental animal procedures were done in accordance

with the validated regulations of the Czech Republic.



Plasmids

Construction of a mammalian expression plasmid, pBSC used as a negative
control, and a pBSC/bcr-abl plasmid carrying the whole bcr-abl gene were described
previously (19,24). A plasmid designated pBSC/SDFla was prepared using a
pUC57/SDF-1a plasmid (GenScrip, Piscataway, NJ, USA) carrying the whole SDF1a
gene flanked with a Flag sequence. A fragment encoding for SDF-1a and Flag was
obtained by cleavage with EcoRI and Bgl 1l (New England, Biolabs, Ipswich, MA,
USA) and subsequently inserted into a pBSC plasmid downstream of the immediately
early human cytomegalovirus promotor using the same restriction sites. The inserted

gene was re-sequenced with satisfactory results.

Western blotting

To verify the functionality of our new construct, 293T cells were transfected
either with the pBSC/SDF-1a plasmid or with an empty pBSC used as a control. After
two days, cells were harvested and lysed with Kaufman buffer. Cell lysates were tested
by Western blotting as described previously (23). A mouse monoclonal antibody against
Flag (Amersham Biosciences, Little Chalfont, UK) was used as the primary antibody
and a peroxidase labeled anti-mouse antibody (GE Healthcare, Little Chalfont, UK) was
used as the secondary antibody.

To test for the presence of SDF-1a in lysates of 12B1 cells, a goat anti-
SDF/PBSF antibody (Sigma Aldrich Inc, St. Louis, MO, USA) a rabbit anti-SDF-1
antibody (Abcam, Cambridge, UK), horseradish-peroxidase-labeled donkey anti-goat
IgG antibody (Santa Cruz Biotechnology, Inc., Texas, USA), and peroxidase-labeled
anti-rabbit 1gG antibody (Amerham Biosciences, Little Chalfont, UK), respectively,

were used. 293T cells transfected with pBSC/SDF-1a plasmids and with empty pBSC



plasmids were used as positive and negative controls, respectively. To detect HIF-1a, a
mouse monoclonal anti HIF-1a antibody (Sigma, St. Louis, MO, USA) and peroxidase
labeled anti-mouse antibody (GE Healthcare, Little Chalfont, UK) were used. An anti-
CXCR4 rabbit polyclonal antibody (Abcam, Cambridge, UK) and horseradish-
peroxidase-labeled anti-rabbit 1gG antibody (GE Healthcare, Little Chalfont, UK) were
used to detect CXCR4 proteins in lysates of 12B1 cells and in lysates from cultures
derived from 12B1 cell-induced solid tumors.

To prepare cytosolic and nuclear extracts of 12B1 cells, a total of 10’ cells were
washed two times in PBS. A mixture was prepared consisting of 5 ml of buffer A (10
mM HEPES, pH 7.9, 10 mM KCI, and 0.1 mM EDTA), 5 ul of a Protease Inhibitor
Cocktail (Sigma-Aldrich, St. Louis, MO, USA), and 200 pl of 10% IGEPAL (Sigma
Aldrich, St. Louis, MO, USA). This mixture was added directly to cell pellets. After a
10 min incubation at room temperature, the mixture was repeatedly pipetted up and
down with a P1000 (Nichyrio America, Maryland Hts, MO, USA) to disrupt cell
clumps, and then transferred to pre-chilled microcentrifuge tubes. After centrifugation
(13,000xg at 4°C for 3 min), the supernatant (cytosolic fraction) was retrieved and
stored at -70°C. The remaining pellet was resuspended in 150 pl of buffer B (20 mM
HEPES, pH 7.9, 0.4 M NaCl, 1 mM EDTA, and 10% glycerol) supplemented with 1 pul
of a Protease Inhibitor Cocktail. The mixture was shaken vigorously at 4°C for 2 h. The
nuclear extract was centrifuged (13,000xg at 4°C for 5 min.) and stored at -70°C. A
Bradford assay was used to determine protein concentrations.

To detect tubulin, a mouse monoclonal anti-B tubulin antibody (Sigma, St. Louis,
MO, USA) and peroxidase labeled anti-mouse antibody (GE Healthcare, Little

Chalfont, UK) were used.



Immunization procedure

DNA cartridges for a gene gun were prepared according to the manufacturer’s
protocol (Hélios Gene Gun System, Bio-Rad, Hercules, CA, USA). Each cartridge
contained 1 pg of DNA on gold particles 1 um in diameter. DNA was administered
intradermally into a shaven abdominal area. When using pBSC and pBSC/SDF-1a
plasmids, three doses were given at two week intervals. Plasmid pBSC/bcr-abl was
administered only twice, simultaneously with the second and third doses of the other
plasmids. This suboptimal immunization scheme (two doses of the pBSC/bcr-abl
vaccine induces only incomplete protection) was chosen to allow for the manifestation
of possible SDF-1a effects.

Two weeks after the last dose, mice were challenged with 5x10° 12B1 cells (i.e.,
approximately 10 TIDsp). Each experiment included four groups of mice (6
mice/group): (1) mice that received the empty pBSC plasmid (control group); (2) mice
that received only the pBSC/SDF-1a plasmid; (3) mice that received only the
pBSC/bcr-abl vaccine; and (4) mice that were inoculated with both the pBSC/bcr-abl
and pBSC/SDF-1a plasmids. These experiments were repeated four times. Mice were
followed for 50 days after these challenges. When tumors reached a size of 400 mm?,

the mice were humanely sacrificed.

ELISA

To test for the possible development of SDF-1a specific antibodies, plasma samples
of both treated and control mice were tested using an in-house ELISA. The sequences of
the peptides used are shown in Table 1. These were purchased from Peptide 2.0
(Chantilly, VA, USA). The peptides used covered the whole amino-acid sequence of the

SDF-1 protein and mutually overlapped by about 10 amino acids. This was done to



avoid the possible loss of any important epitopes. This test was done as described
previously (25).

To test for the presence of SDF-1a in the media of 12B1 cell cultures, a mouse
CXCL12/SDF-1a ELISA kit (Cell Sciences, Canton, MA, USA) was used following the

manufacturer’s instructions.

ELISPOT assay

To test for the possible development of cell-mediated immune responses against
SDF-1a, an ELISPOT assay was used as described elsewhere (26). Lymphocytes
(8x10°) from mice inoculated with either pBSC or pBSC/SDF-1a plasmids were
incubated with several concentrations (0.1pg, 1 pg, and 10 pg) of KVVAVLAL
peptides. This sequence located at the N-terminus of the SDF-1a protein had a high T-
epitope score using both ”Syfpeithi* and "Rankpep* prediction software. Lymphocytes
that produced interferon y (INF-y) were detected with an ImmunoSpot S5 UV Lite

Analyzer (CTL, Shaker Heights, OH, USA).

Statistical analysis

Survival analysis for the experimental groups used log-rank tests. Statistical analysis

was done using Prism software version 5.0 (Graph-Pad Software, La Jolla, CA, USA).

Results
Functionality of the pBSC/SDF-1a plasmid

We first tested the functionality of our newly constructed pBSC/SDF-1a plasmid.
The Western blotting results using lysates of transfected and mock-transfected 293T

cells are shown in Figure 1. This demonstrated that SDF-10 was present in the lysates of



pBSC/SDF-1a- transfected cells but not in the lysates of control pBSC- transfected
cells.
Absence of SDF-1 and presence of CXCR4 and HIF-1a in 12B1 cells

Both the culture media and the cell lysates of 12B1 cells were tested by ELISA and
Western blotting, respectively, for the presence of SDF-1a. SDF-1a was not detected in
either of these preparations using two different antibody systems (results not shown). In
contrast, the lysates of 12B1 cells and the lysates obtained from the subcutaneous
tumours and from cultures derived from them contained substantial amounts of
CXCR4 (Figure 2A). CXCR4 was detected both in the cytosolic and nuclear fractions
of 12B1 cells (Figure 2B). HIF-1a was also detected in the lysates of 12B1 cells (Figure

2C).

Survival of SDF-1 treated and untreated mice after challenge with 12B1 cells

A total of 4 repeat experiments were done with each including 24 mice divided
into 4 groups as described in Materials and methods. Although the immunization effects
differed somewhat from experiment to experiment, for each experiment, more mice
survived (2, 1, 1, and 3, respectively) that were treated with both the pBSC/bcr-abl and
pBSC-SDF-1a plasmids than those that only received the pBSC/bcr-abl plasmid. A
summary of these 4 experiments is shown in Figure 3.

Nearly all of the control mice (23/24) that were treated with the empty plasmid
were dead on day 24 after challenge; mice were humanly sacrificed either because of a

large tumor size (22/23) or because they were dying of leukemia (1/23). For mice that



only received the pBSC-SDF-1a plasmid, a few survived (3/24). Furthermore, some of
these mice achieved a prolonged survival.

As expected, far more mice survived after receiving the specific vaccine. Of
those immunized with the pBSC/bcr-abl vaccine alone, 12/24 (50%) survived. The
number of survivors in the group that received both the pBSC/bcr-abl and pBSC/SDF1a
plasmids was higher. A total of 17/ 24 (72.5%) mice survived, which suggested that
there was some protective effect with SDF-1a plasmid administration. The difference in
survival between pBSC/bcr-abl immunized and non-immunized mice was highly
significant (p < 0.001). However, the differences in survival between the SDF-1a
treated and untreated mice noted above were not statistically significant.

However, when mice that developed solid tumors were only taken into
consideration, the results were apparently different. As shown in Figure 4A, the
occurrence of solid tumors was considerably lower in mice that were treated with both
the pBSC/bcr-abl vaccine and the pBCS/SDF-la plasmid than in those that were
immunized only with the pBSC/bcr-abl vaccine. This difference was statistically
significant (p = 0.0115). There were also differences in solid tumor formation between
the pBSC/bcr-abl non-immunized mice that were either treated or untreated with the
SDF-1 plasmid. The occurrence of solid tumors was higher and the tumors appeared
earlier in mice that did not receive the pPBSC/SDF-1a plasmid than in mice to which this
plasmid was administered. This difference was also statistically significant (p = 0.0023).
The occurrence of fatal leukemia is shown in Figure 4B. Although the difference
between bcr-abl immunized mice was not statistically significant (p = 0.0517), the
development of fatal leukemia in pBSC/bcr-abl non-immunized pBSC/SDF-1a treated
and untreated mice was highly significantly different (p = 0.0191). As also shown in

Figure 4C, when comparing all mice (i.e., including those immunized with the



pBSC/bcr-abl vaccine) that were either treated or not treated with the pBSC/SDF-1a
plasmid, the development of leukemia was statistically significantly different (p =

0.0265).

Possible immune responses to SDF-1

To determine whether the observed differences noted above were associated
with the development of immune responses against SDF-lo induced by the
intradermally administered pBSC/SDF-1a plasmid, we assayed for the presence of both
specific antibodies using ELISA with SDF-1a-derived peptides and cell mediated
immunity using an ELISPOT assay with an SDF-1a-derived peptide carrying a putative
T epitope as predicted by two different programs. Both of these tests were negative

(results not shown).

Discussion

The original purpose of our experiments was to induce an immune response
against SDF-1a and to monitor its effects on the efficacy of the pBSC/ bcr-abl vaccine.
However, with the methods used, we could not detect either a humoral or a cell-
mediated immune response against SDF-1. Yet, some interesting effects of
administering the pBSC/SDF-1a plasmid were apparent. These were related to the
oncogenic potential of bcr-abl-transformed 12B1 cells.

Administering the SDF-1a expressing plasmid simultaneously with specific
vaccination against these cells resulted in a somewhat increased survival among
vaccinated mice, although the difference was not significant. However, when only the

development of solid tumors was taken into consideration, the situation was different;



the increased protection in doubly inoculated mice resulted in statistically significant
differences.

A critical look at our data suggests that this effect could be, most likely partially,
an “artifact.” The increased leukemogenic potential that resulted in early leukemia onset
in the SDF-1a-treated mice and the rapid death of the respective mice might have
obscured the induction of solid tumors, which usually appear later than does fatal
leukemia. Therefore, it is reasonable to assume that at least some of the mice that died
early of leukemia would have developed solid tumors later on. However, these results
strongly suggest that SDF-lo plasmid administration resulted in a significant
enhancement of the leukemogenic potential of 12B1 cells.

We can only speculate on the mechanisms that may 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, produce substantial
amounts of CXCR4, and also produce HIF-1a. This transcription factor is known to
upregulate CXCR4 expression (27) and has been shown to be required for the survival
of leukemic stem cells in a mouse CML model (28). The role of the chemokine SDF-1a,
in patients with leukemia has been most frequently discussed in association with the
role of the SDF-10/CXCR4 axis during the pathogenic process (see review by Kittang
(29)). It has been assumed that SDFla interactions with CXCR4 are crucial for
leukemic stem cell adhesion to stromal cells, which would enable their self-renewal,
proliferation, and differentiation arrest. However, our current model is probably more
closely related to the experimental diseases induced in NOD-SCID mice after
administering human acute leukemia cells (30) or T-leukemia cells (31). In those two
studies it was demonstrated that extramedullar niches played a significant role in the

development of the experimentally induced disease. By these authors tumor cell



replication was demonstrated in the neighborhood of bile ducts, with their subsequent
accumulation in the portal area. When these liver-homed cells were exposed to SDF-1a.
in vitro, the number of colonies that formed significantly increased. It is likely that in
our experiments, additional SDF-lo. formed after pBSC/SDF-1a plasmid
administration, contributed to the activities of these niches, and possibly to the
formation of other extramedullar niches, thereby facilitating the leukemogenic process.
It has been suggested that in acute myeloid leukemia, SDF-1 plays a role in the
development of extramedullar disease (see review in(32)).

Every attempt to interpret our present data has to take into consideration the
presence of the BCR-ABL protein in 12B1 cells. The present evidence for its effect on
SDF-1a activity is controversial. Clearly, the present data are not compatible with the
results of Salgia et al. (33), which suggested that bcr-abl-transformed cell lines become
refractory to SDF-1a. It has been repeatedly shown that the BCR-ABL protein inhibits
the chemotactic response to SDF-1a (34,35,36,37). Several events have been implicated
for these effects, including the downregulation of class Il phosphoinositide 3-kinase
(P13KC2y) (38), increased expression of the B2 integrin LFA-1 (37), activation of
Cdc42 GTPase (39), and the activation of Lyn kinase (40). Using tyrosine-kinase
inhibitors, such as imatitib mesylate, reversed this phenomenon, which indicated a
causal connection between the BCR-ABL protein and reduced CXCR4-associated
activity. However, there have been other reports that, to a certain degree, call into
question the role of the BCR-ABL protein in SDF la-induced migration and homing of
transformed cells and that seem to be relevant to the present observations. According to
one study, the effects of SDF-1a on pseudopodia formation and migration from these
niches were not suppressed by BCR-ABL activity (41). In fact, its authors observed

increased pseudopodia formation and the transmigration of bcr-abl-transformed cells



after their exposure to SDF-1a. It has also been shown that SDF-1a, which inhibits the
proliferation of primitive haematopoietic cells, failed to abrogate the proliferation of
primitive human bcr-abl-positive cells (42). Another study reported that in bcr-abl-
transformed cells, a reduced chemotactic response to SDF-la was paradoxically
accompanied by increased spontaneous migration (35).

Based on these previously reported results, we propose a tentative, simple
mechanistic explanation of our present observations. The SDF-1a that was formed
accelerated the migration of 12B1 cells to extramedullar niches where the proliferation
of leukemic cells occurred that, in turn, was accelerated by the ability of this chemokine
to support the growth of pre-B 12B1 cells. The rapid migration of these cells from the
site of inoculation, if this truly 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 remaining cells below a 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 12B1 cells to induce solid tumors.

To be certain, this proposed explanation is subject to substantial corrections. In
addition to the controversies already mentioned, other factors might be involved. Thus,
for example, in addition to its chemotactic activity, SDF-1a has multiple other
functions, some of which might act in concert in the phenomena observed. Furthermore,
as stressed by Salanga (43), chemokines are not isolated entities, but act in complex
networks with other signaling systems. Moreover, it is impossible to neglect the BCR-
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 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 (44). To our knowledge, their influence has not yet
been adequately investigated.

All of the aspects outlined above make any straightforward conclusions from our
present data extremely difficult. To make extrapolations from the discrepant and
frequently contrasting results of the previous studies on SDF-1a, which were done using
a wide spectrum of cell systems and were based on varying experimental designs, is

definitely not easy.
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Table 1. Peptide sequences used for in-house ELISAs. These peptides covered the

whole amino-acid sequence of the SDF-1 protein and overlapped by 10 amino acids.

SDF-1a 1/3 | MDAKVVAVLALVLAALCISDGKPVSLSYRCPCRFFE | 36aa

SDF-1a 2/3 | SYRCPCRFFESHIARANVKHLKILNTPNCALQIVARL | 37aa

SDF-1a 3/3 | NCALQIVARLKNNNRQVCIDPKLKWIQEYLEKALNK | 36aa




Figure 1. SDF-1a in lysates of transfected 293T cells. Comparison of lysates from
293T cells transfected with empty pBSC plasmids (1) and 293T cells transfected with
pBSC/SDF-1a plasmids (2). Monoclonal mouse anti-Flag antibody and labeled anti-

mouse antibody were used.

Figure 2. A. CXCR4 in lysates of HeLa cells (1) and 12B1 cells (2) and in tumors
induced by 12B1 cells and cell lines derived from them. Samples 3, 5, and 7 samples
were obtained from tumors immediately after necropsy, and samples 4, 6, and 8 were
obtained from cell cultures derived from tumors. B. CXCR4 protein in 12B1 cells.
Lysates of whole cells (1), cytosolic fraction (2), and nuclear fraction (3) of 12B1 cells.
Tubulin was used as a control to assess the purity of nuclear fractions. C. HIF-1a in
lysates of human K562 cells (1) and 12B1 cells (2).

Figure 3. Survival of mice inoculated with empty pBSC (control), pBSC/SDF-1a.,
pBSC/bcr-abl, and both pBSC/SDF-1a and pBSC/bcr-abl plasmids and challenged with
12B1 cells. Summary of four repeat experiments. The difference in survival between
mice that received the immunizing pBSC/bcr-abl plasmid and mice that were not
inoculated with it was highly significant (p < 0.001). Other differences in survival were

not significant (p > 0.05).

Figure 4. Development of either solid tumors or fatal leukemia in mice inoculated with
empty pBSC plasmid (control), pPBSC/SDF 1a plasmid, pBSC/bcr-abl plasmid, or both
pBSC/SDF-1a. and pBSC/ber-abl plasmids, and then challenged with 12B1 cells. A.
Solid tumor development in all mouse groups. The occurrence of solid tumors was
higher and the tumors appeared earlier in mice that did not receive the pBSC/SDF-1a
plasmid than in mice that were administered this plasmid. The difference between
pBSC/SDF-1a treated and untreated mice was statistically significant for both bcr-abl
immunized and non-immunized mice (p = 0.0115 and p = 0.0023, respectively). B.
Fatal leukemia development in all mouse groups. Although the difference between bcr-
abl immunized mice was not statistically significant (p=0.0517), the development of
fatal leukemia in pBSC/bcr-abl non-immunized pBSC/SDF-1a treated and untreated
mice was statistically significantly different (p = 0.0191). C. Fatal leukemia
development in all mouse groups regardless of immunization with the pBSC/bcr-abl
plasmid. The difference between pBSC/SDF-lo treated and untreated mice was
statistically significant (p = 0.0265).
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