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ABSTRAKT

Mnohocetny myelom a jeho agresivni varianta, tzv. plazmocelularni leukemie, jsou stale
povazovany za nevylécitelnd onemocnéni, a to i1 pies znacny pokrok ve vyvoji novych 1éc€iv.
Pficinou je Casto mikroprostiedi kostni dfené, které zpusobuje, ze myelomové buiky se
stavaji rezistentnimi na lécbu. Hematopoetick¢é bunécéné linie odvozené z jednotlivych
hematologickych malignit jsou nepostradatelnym ndstrojem pro studium etiopatogeneze
téchto onemocnéni a pro testovani novych potencidlnich 1é¢iv. Jejich ustaveni je vSak stale

povazovano za ndhodnou a vzacnou udalost.

Prvni ¢ast predkladané prace se zabyva ustavenim a charakterizaci bunééné linie UHKT-944
odvozené od pacienta s primarni plazmocelularni leukemii a dokonfenim charakterizace
bunécné linie UHKT-893 odvozené od pacientky s mnohocetnym myelomem. U linie UHKT-
893 byly provedeny analyzy zahrnujici mimo jiné vysetieni klonalni pfestavby IgVH genti a
cytogenetickou analyzu, které ptispély k detailnéjSimu popisu této bunécné linie. Béhem
kultivace bun€k linie UHKT-944 byly monitorovany rastové charakteristiky, byla zjisténa
zavislost této linie na interleukinu-6 (IL-6) a provedena imunofenotypizace, kterd prokazala
ptitomnost povrchovych znaki specifickych pro maligni plazmatické bunky. Analyzou byla
zjiSténa produkce monoklonalniho imunoglobulinu IgAl-kappa. Na zakladé cytogenetické
analyzy byly bunky klasifikovany jako téméf tetraploidni s nékolika numerickymi a

strukturnimi aberacemi.

Ve druhé c¢asti prace jsme se zabyvali studiem vlivu vybranych inhibitori histondeacetylaz
kyseliny valproové (VPA) a suberoylanilidu kyseliny hydroxamové (SAHA) na bunécnou
linii UHKT-944 v pfitomnosti ¢i nepfitomnosti mikroprostiedi kostni dien¢, které bylo
simulovano slozkami extracelularni matrix, stromalnimi buiikami kostni dfené pacientl s
diagn6zou mnohocetného myelomu nebo riznymi koncentracemi IL-6. Bylo zjiSténo, ze
SAHA i VPA indukuji apoptdzu a inhibuji bunécny riist, nebyl vSak u nich pozorovan vliv na
zastoupeni bunck v jednotlivych fazich bunééného cyklu. Z vysledki dale vyplyva, Ze jednim
z mechanizmt pusobeni VPA na myelomové buiiky je inhibice drahy JAK/STAT. Byl
prokazan vliv mikroprostiedi kostni dfené, pfedevSim pak stromdlnich bunék, na ucinek
téchto inhibitorti. Vysledky prace naznacuji moznost vyuziti VPA i SAHA k 1écbé tohoto

vzacného onemocnéni.



ABSTRACT

Multiple myeloma and its aggressive variant, plasma cell leukemia, are still considered to be
incurable diseases despite the progressive treatment approaches comprising novel drugs. This
can be attributed to the presence of the bone marrow microenvironment which plays an
important role in drug resistance of myeloma cells. Hematopoietic cell lines derived from
hematologic malignancies are suitable models for the study of etiopathogenesis of these
malignant diseases and for testing new potential drugs. Establishment of these cell lines is still

considered to be coincidental and rare event.

The first part of the thesis is focused on establishment and characterization of the cell line
UHKT-944 derived from a patient with primary plasma cell leukemia, and on completion of
characterization of the cell line UHKT-893 derived from a patient with multiple myeloma.
Additional analysis of UHKT-893 cell line were performed including sequence analysis of
IgVH gene rearrangements and cytogenetic analysis which contributed to more detailed
characterization of this cell line. During cultivation of UHKT-944 cells, we monitored the cell
growth and confirmed dependence on interleukin-6 (IL-6). Immunophenotype analysis
revealed the presence of surface markers characteristic of malignant plasma cells. UHKT-944
cells were found to produce monoclonal IgA1-kappa. According to cytogenetic analysis, these

cells were classified as near tetraploid with several numerical and structural abnormalities.

The second part of the thesis is focused on the effect of selected histone deacetylase
inhibitors, valproic acid (VPA) and suberoylanilide hydroxamic acid (SAHA), on the UHKT-
944 cell line in the presence or absence of the bone marrow microenvironment, which was
simulated by the presence of bone marrow stromal cells derived from patients diagnosed with
multiple myeloma, by extracellular matrix components or by various concentrations of IL-6.
We found that SAHA and VPA induced apoptosis, inhibited cell proliferation but had no
effect on the cell cycle distribution of UHKT-944 cells. Our results suggest that inhibition of
JAK/STAT pathway is one of the mechanisms of action of VPA in myeloma cells. We further
revealed that the bone marrow microenvironment, especially stromal cells, influence the
efficiency of the used inhibitors. In conclusion, VPA and SAHA might represent an additional

therapeutic strategy in the treatment of this rare malignant disease.



1. UVOD

Mnohocetny myelom (MM) je nddorové onemocnéni charakterizované piitomnosti
malignich plazmatickych bunék v kostni dfeni. Mnohocetny myelom piedstavuje zhruba 1 %
vSech nadorovych onemocnéni a 10 % hematologickych onemocnéni. Mnohocetnému
myelomu casto predchazi onemocnéni zvané monoklonalni gamapatie nejasného vyznamu

(MGUS) [1,2].

Plazmocelularni leukemie (PCL) je jedna z nejagresivnéjSich forem monoklonalnich
gamapatii. Pro PCL je typickd pfitomnost monoklonalnich plazmatickych bun¢k v kostni
dfeni a periferni krvi. PCL je povazovana za vzacnou agresivni formu mnohocetného
myelomu, je spojovana se Spatnou progndzou pacientll s primérnou dobou pieziti pocitanou
v mésicich. Kritériem pro diagndézu plazmocelularni leukemie je pocet plazmatickych bunék

v periferni krvi prekracujici 20 % a celkovy po&et plazmocytt nad 2x10° /1[3,4].

RozliSujeme dva typy PCL: primarni PCL se vyskytuje ,,de novo®, tedy u pacienti,
ktefi nebyli diive diagnostikovani s mnohocetnym myelomem. Tento typ plazmocelularni
leukemie se vyskytuje Castéji, pfevazné u mladsich pacientti. Druhym typem je sekundarni
PCL, kterd se vyskytuje u pacientl s jiz diagnostikovanym mnohocetnym myelomem a jedna
se tedy ve vétSin€ piipadii o refrakterni termindlni stav [5]. Diky autologni transplantaci
krvetvornych bunck, vysokodavkované chemoterapii a zavedeni novych 1éka jako jsou
inhibitory proteazomu ¢i imunomodula¢ni latky se zvySila kvalita Zivota pacientl a celkova

doba preziti, pfesto jsou MM a PCL stale povazovany za nevylécitelnd onemocnéni [6].

Inhibitory histondeacetyldz ptedstavuji slibné latky pro 1é¢bu riznych typt nadort
véetné MM. Inhibitory histondeacetyldz (HDAC1) inhibuji enzymovou aktivitu HDAC, ¢imz
zpusobuji mimo jiné dekondenzaci chromatinu a umoziuji ptistup transkripénim faktortm.
Jednim z dtlezitych nésledki je exprese ptivodné neaktivnich gentl, coz v kone¢ném dusledku
vede k indukci apoptozy, diferenciaci a/nebo zastavé riistu malignich bun€k in vitro 1 in vivo
[7,8]. Suberoylanilid hydroxamové kyseliny (SAHA) byl uzndn americkym ufadem pro
kontrolu 1é€iv a potravin (Food and Drug Administration, FDA) jako 1€k pro terapii kozniho
T-bunééného lymfomu. SAHA indukuje apoptézu a inhibuje bunéény rist také u ostatnich
hematologickych malignit vcetné myelomu, kde je jeho ucinek potencovan kombinaci
s ostatnimi pouzivanymi lé¢ivy [9,10]. V soucasné dobé se vétSina HDACi vcetné SAHA

nachazi v n€kolika klinickych studiich a to jak v monoterapii, tak v kombinaci s dal§imi



lécivy [11]. Kyselina valproova (VPA) je jiz n€kolik let pouzivana k 1écbé epilepsie a jako
stabilizator nalady. Krom¢ antikonvulzivniho ucinku také plsobi jako inhibitor
histondeacetyldz. VPA indukuje diferenciaci nadorovych bunck, vcetn¢ malignich
hematopoetickych bunék, ovlivituje rist nadorti a tvorbu metastaz in vivo a indukuje apoptdzu
u leukemickych bunék [12,13]. U MM je VPA schopna regulovat bunéény cyklus a indukovat

apoptozu, ale 1 jiné formy bunécné smrti [14,15].

Mikroprostiedi kostni dfen¢ (BMM, z angl. bone marrow microenvironment) hraje
velkou roli v patogenezi MM a PCL a jeho ochranny vliv na transformované buniky je ¢asto
ptiCinou rezistence k 1écbé [16]. Adheze myelomovych bunék k stroméalnim buiikdm kostni
dfen¢ (BMSCs, z angl. bone marrow stromal cells) vede k produkci cytokini a riistovych
MM [17]. Ptsobenim IL-6 dochézi ke stimulaci angiogeneze a aktivaci nékolika signalnich
drah jako jsou JAK/STAT c¢i PI3K/Akt [18,19]. Bylo zjisténo, Ze interakci myelomovych
bunék se stromalnimi bunikami ¢i proteiny extracelularniho matrix jsou buiky vice chranény
proti apoptéze indukované léky [20,21]. V soucasné dobé je zfejmé, Ze za proliferaci a
prezivani myelomovych bun€k neni zodpovédny jediny cytokin, ale mnoho dalsich faktort,

které jsou produkovany mikroprostfedim kostni diené.

Permanentni hematopoetické bunécné linie odpovidaji genotypové a fenotypove
malignim buiikdm pacienti se zhoubnym onemocnénim krvetvorby. Za imortalizované
bunky, které tvoii permanentni bunétné linie, miizeme povazovat takové bunky, které se
rozdéli vice nez 150 — 200x nebo jsou-li pfitomny v kontinudlni bunécné kultuie vice nez rok.
[22]. Permanentni linie odvozené z naddorovych bunék nemocnych jsou nepostradatelnym
nastrojem pro vyzkum nadorti na bunécné i molekularni tirovni. Na permanentnich bunéénych
liniich se testuji nové cilené protinddorové latky v preklinickych studiich. Ustaveni mySich
myelomovych linii umoznilo vznik hybridomovych linii, které produkuji definované
monoklondlni protilatky. Diky vyvoji kvalitnich kultiva¢nich medii s pouZzitim rastovych
faktord a cytokini se podafilo ustavit mnoho bunécénych linii, které¢ predstavuji vzacné typy

akutnich i chronickych leukemii.

V této disertatni praci jsme studovali vliv vybranych HDAC inhibitord na
plazmocelularni linii UHKT-944. Zamétili jsme se na mozny ochranny uc¢inek mikroprostiedi
kostni dfené, predevS§im pak stromdlnich bunck. Dal§im z cili disertacni prace byla
charakterizace bunécnych linii UHKT-893 a UHKT-944, které byly v roce 2010 ustaveny

v nasi laboratofi. Cast analyz linie UHKT-893 byla provedena v ramci diplomové prace Mgr.



Ireny Vancurové. V rdmci této disertacni prace byla dokoncena charakterizace linie UHKT-

893 a dale byla provedena kompletni charakterizace linie UHKT-944.

2. CiLE PRACE

e charakterizovat bunécnou linii UHKT-944 odvozenou od pacienta s plazmocelularni leukemii,

kterou se podatilo ustavit v nasi laboratoti v roce 2010

e charakterizovat bunécnou linii UHKT-893 odvozenou od pacientky s mnohocetnym
myelomem, kterou se podafilo ustavit v nasi laboratofi ve stejném roce jako UHKT-944. Tato
linie byla ustavena a charakterizovana v ramci diplomové prace Mgr. Ireny Vancurové. Nasim
cilem bylo provést dalsi analyzy, které pfispély k detailnéjSimu popisu této linie

e zjistit ucinek vybranych inhibitorG histondeacetylaz - SAHA (suberoylanilid kyseliny
hydroxamové) a VPA (kyselina wvalproovd) na proliferaci a indukci apoptéozy u

plazmocelularni linie UHKT-944

e zjistit, zda je mikroprostfedi kostni dfené¢ schopno ochranit bunky linie UHKT-944 pied
pusobenim SAHA a VPA

e zjistit vliv SAHA a VPA na vybrané signalni drahy, jejichz permanentni aktivace ma

za nasledek prezivani a rist myelomovych bunék

3. MATERIAL A METODIKA

3.1 Material
K vypracovani této disertacni prace byly pouzity bunééné linie, protilaitky a HDAC
inhibitory, jejichz ptehled je uveden v disertacni praci. Dale byly pouzity komeréné dostupné

chemikalie a kity. VSechny pouzité chemikalie dosahovaly analytické Cistoty.

3.2 Metodika

Detailni popis pouzitych metod je uveden v disertacni praci.

3.2.1 Prehled metod pouzitych k ustaveni a charakterizaci bunéénych linii

Izolace a kultivace bunék z kostni dfené pacientii (kostni dfent pacientl s diagnézou
MM byla odebirdna pro rutinni diagnostické ti¢ely na hematologické klinice ve VSeobecné
fakultni nemocnici v Praze. Tentyz den byla ¢ast vzorku dopravena na Ustav hematologie a
krevni transfuze (UHKT) a zpracovana pro vyzkumné tdely), méfeni bundéné proliferace a

viability (kolorimetrickd metoda WST-1, barveni trypanovou modii), morfologicka



charakterizace (cytospinové preparaty barveny dle Giemsy), imunofenotypizace pomoci
pritokové cytometrie, cytogenetickd analyza (cytogenetickd analyza byla provedena
konvenéni cytogenetickou metodou a metodou mnohobarevné fluorescencni in situ
hybridizace (mFISH) na Oddéleni cytogenetiky UHKT), stanoveni muta¢niho stavu IgVH
gentl (klonalni pfestavby IgVH genl byly vySetieny v Laboratofi PCR diagnostiky leukemii
na UHKT), priikaz sekrece imunoglobulini (imunoglobuliny a jejich volné lehké fetézce byly
stanoveny rutinni metodou (nefelometrie) na Ustavu lékaiské biochemie a laboratorni
diagnostiky VSeobecné fakultni nemocnice v Praze), dvourozmérnd (2-D) elektroforéza,
hmotnostni spektrometrie (analyza byla provedena v Laboratofi hmotnostni spektrometrie na
Ptirodovédecké fakulté¢ UK v Praze), stanoveni anti-HBsAg (mozna reaktivita protilatky IgA
s antigenem viru hepatitidy B (HBsAg) byla méfena pomoci standardni metody ELISA dle
navodu pouzit¢ho ETI-AB-AUK-3 (antiHBs) kitu a dale metodou CMIA (Chemiluminescent
Microparticle Immunoassay) s pouzitim Architect anti-HBs reagen¢niho kitu v Narodni
referenéni laboratofi pro virové hepatitidy (NRL) ve Statnim zdravotnim tustavu (SZU)
v Praze), priikaz kontaminace bun¢k mykoplazmou (fluorescencni metoda s pouzitim barviva
Hoechst 33258), detekce EBV (analyza virové DNA metodou PCR byla provedena v Narodni

referenéni laboratofi pro herpetické viry v SZU, Praha).

3.2.2 Prehled metod pouzitych pro studium vlivu HDAC inhibitord na
bunéénou linii UHKT-944

Kultivace bun¢k linie UHKT-944 (bunky UHKT-944 byly kultivovany v médiu
RPMI-1640 s L-glutaminem, které bylo déale obohaceno 10% fetdlnim telecim sérem,
rekombinantnim interleukinem-6 (1 ng/ml), antibiotiky penicilinem (100 U/ml) a
streptomycinem (100 pg/ml)), izolace a kultivace stromdlnich bunék kostni difené (stromalni
buiiky byly ziskdny kultivaci mononuklearnich bunék kostni diené pacienti s MM a
kultivovany v médiu RPMI-1640 bez IL-6), kultivace bun¢k UHKT-944 v ptitomnosti
stromalnich bunék (bunky byly nasazeny do sklenénych Erlenmeyerovych ban¢k s BMSCs a
bez BMSCs, kultivovany po dobu 3 dntl a poté osetfeny SAHA (1 a 1,5 uM) a VPA (0,5 a 1
mM), kultivace bun¢k v ptitomnosti extracelularni matrix (96-jamkova mikrotitracni desticka
s povrchovou tpravou pro tkanové kultury byla pokryta MaxGel™ ECM (MaxGel). Buiky
byly nasazeny do jamek mikrotitracni desticky s navdzanym MaxGel a kontrolnich
neoSetfenych jamek. Po 48 hodinach inkubace byly buniky oSetieny SAHA (1 a 1,5 uM) a
VPA (0,5 a 1 mM)), kultivace bun€k v ptitomnosti riznych koncentraci IL-6 (buiky UHKT-

944 byly nasazeny do sklenénych Erlenmeyerovych ban¢k s riznymi koncentracemi IL-6



(0,2; 1; 3,3 ng/ml), kultivovany po dobu 3 dni a poté oSetieny SAHA a VPA), méfeni
bunécné proliferace (proliferace byla méfena po 24 a 48 hodindch inkubace metodou
AlamarBlue), detekce apoptézy (Annexin-V-FLUOS staining kit, Caspase-3/CPP32
colorimetric assay kit), méfeni adhezivity bunék k MaxGel a proteinim extracelularniho
matrix (Millicoat 96-well ECM Screening Kit, protokol dle Kuzelova a spol. (23)), méfeni
koncentrace IL-6 (koncentrace IL-6 byla meéfena imunometodou na Oddéleni klinické
biochemie Thomayerovy nemocnice v Praze), analyza bunééného cyklu pomoci pratokoveé
cytometrie, ELISA (PathScan® Phospho-Stat3 (Tyr705) Sandwich ELISA kit), SDS

elektroforéza, Western blotting, statistickd analyza (parovy T-test, Wilcoxonliv parovy test).

4. VYSLEDKY A DISKUZE

4.1 Pacient

Vzorek kostni diené byl ziskan od 55letého muze, ktery trpél iinavou a bolesti kosti.
V cervnu 2010 byla pacientovi diagnostikovana primarni plazmocelularni leukemie

s produkci monoklonédlniho imunoglobulinu typu IgA kappa (IgA-x).

Pomoci priitokové cytometrie bylo v periferni krvi a kostni dfeni pacienta detekovano
25 % plazmatickych bunck. Pacient absolvoval 6 cykli chemoterapie v rezimu CD
(cyklofosfamid+dexametazon) a CVD (cyklofosfamid+Velcadet+dexametazon). Lécba vSak
nebyla uspéSnd a pacient zemiel s piiznaky progrese onemocnéni doprovazené

bronchopneumonii v listopadu 2010.

4.2 Ustaveni bunécéné linie UHKT-944 a ristové charakteristiky

Primarni kultura vzorku kostni diené ¢. 944 byla zalozena 2. 6. 2010. Po dvou
mésicich kultivace jsme zaznamenali v kultufe nartist bunék s morfologii plazmatickych
bunék a pojmenovali jsme nové vznikajici bunéénou linii UHKT-944. Z piivodni primarni
bunécné kultury byla ¢ast bunck pienesena do novych kultivaénich lahvicek, kde se vSak jiz
nevytvofila vrstva stromalnich bunék. Stromalni buniky kostni dfené jsou povazovany za zdroj
dilezitych rustovych faktorG a cytokinii [24]. Bunky pfenesené do nové lahvicky bez
ptitomnosti stromalnich bunék a IL-6 nebyly schopny proliferace a zaCaly umirat. Z tohoto
divodu byly buiiky nadale kultivovany v médiu s IL-6, klicového faktoru pro riist a piezivani
myelomovych bunék [25]. Proliferace a ptezivani myelomovych bunék v zavislosti na
pritomnosti IL-6 byla poprvé popsiana Kawanem a spol. [26]. VétSina ustavenych linii

odvozenych od malignich plazmatickych bunék je zavisla na IL-6 [22] vCetné linie UHKT-



944. Nekteré linie vyzaduji kromé IL-6 1 pfitomnost dalSich faktord jako je naptiklad
fibronektin [27]. Ackoliv jsme zjistili, Zze koncentrace IL-6 odpovidajici 0,5 ng/ml je
dostacujici pro rist a prezivani bun€k linie UHKT-944, byly tyto buiiky nadale kultivovany
v ptitomnosti 1 ng/ml IL-6 jako jiné myelomov¢ linie zavislé na IL-6 [28,29]. Zavislost bun¢k

na IL-6 byla v pribéhu kultivace pravidelné kontrolovana.

4.3 Morfologie bunék linie UHKT-944

Morfologické vlastnosti linie UHKT-944 jsme urcovali mikroskopicky na
cytospinovych preparatech barvenych protokolem dle Giemsy, na kterych jsme pozorovali
pfevazné mononuklearni buiky, dale se vyskytovaly binukledrni buniky a ojedinéle bylo
mozné nalézt multinukleadrni buiiku obsahujici az dvanact jader. VSechny buiiky vykazovaly

morfologii plazmatickych bunék.

4.4 Imunofenotypizace bunék UHKT-944

Charakter plazmatickych bunék byl potvrzen podle povrchové exprese znakii CD138 a
CD38. Bunky na svém povrchu neexprimovaly vétSinu markert typickych pro B-bunky, T-
bunkky a buniky myeloidni fady. Analyzou byla také zjisténa pfitomnost cytoplazmatického
monoklondlniho lehkého fetézce kappa. Aberantni exprese CD28 byla zjisténa u vétSiny PCL
a MM linii v¢éetné UHKT-944. Exprese CD28 je spojovéana s progresi onemocnéni, coz také
doklada jeho zvySend exprese u sekundarni PCL, vyskytujici se u nemocnych s pokrocilym ¢i
refrakternim MM [30]. Buitky UHKT-944 slabé exprimuji CD56, jehoz zvysend exprese je
typicka pro maligni plazmatické buniky pacientli s MM [31]. Naopak u pacientt s PCL nebyla
expresse CD56 zjisténa vibec nebo pouze velmi slabg, a to jak v piipad¢ primarni tak i
sekundarni PCL, jak uvadi ve své praci Pellat-Deceunynck a spol. [32]. Povrchovy antigen
CD19 vyskytujici se na B buiikdch nebyl u pacienti s PCL detekovan, coz je také v souladu
s nasimi vysledky. ZvySena exprese molekul CD33, CD98 a absence ¢i nizka exprese CD56 a
CD117 jsou spojovany se Spatnou progndzou [33-36]. Stejné imunofenotypizacni znaky byly
detekovany u bun¢k UHKT-944. Endoglin (CD105) nebyl na buitkach UHKT-944 detekovan,
coz je ponckud ptekvapivé vzhledem k tomu, ze byl nalezen na vSech dosud testovanych
myelomovych liniich [22]. Absence CD105 ale miize byt specificka pro PCL, nebot’ PCL
linie na tento znak dosud testovany nebyly. U bunék UHKT-944 byla zjisténa silnd exprese
CD85k a CD123. Pritomnost téchto molekul u linie UHKT-944 je zajimava, nebot’ CD85k se
nachazi na povrchu dendritickych bun¢k, monocytti a makrofagh [37] a CD123 je siln¢

exprimovana pouze u plazmacytoidnich dendritickych bunck a bazofilnich granulocyti [38].



Sano a spol. ve své praci zmiiuje ptipad akutni myeloidni leukemie napodobujici leukemii z
casnych plazmacytoidnich dendritickych bun€k [39]. ZvySend exprese CD98 je spojovana se
Spatnou prognézou pacientl s diagnostikovanym MM, [34] coz odpovida kratké dobé pteziti
pacienta ¢. 944. CD184 nebyl u ostatnich bunéénych linii odvozenych od plazmatickych
bunék v dobé jejich ustaveni testovan. AvSak silnd pozitivita CD184 byla detekovana na
bunkach UHKT-944, ale také na plazmatickych buiikach pacienti s MM, kde se ziejmé
ucastni procesti spojenych s migraci a usidlovanim myelomovych bun¢k v kostni dieni [40].
Povrchové znaky CD3, CDS8, CD13, CD15, CD34 a CD65 nebyly u linie UHKT-944
prokazany, stejné jako u ostatnich linii odvozenych od plazmatickych bun¢k v dob¢ jejich

ustaveni [22].

4.5 Detekce a analyza imunoglobulint

Analyzou jsme zjistili, ze buiiky UHKT-944 produkuji IgAl-kappa a vysledky tak
souhlasi s nalezem IgA v séru pacienta a lehkych fetézct kappa v pacientové moci a séru.
Zjistili jsme také, Ze linie UHKT-944 nesekretuje volné imunoglobulinové lehké fetézce
kappa. Lehké fetézce, které jsou syntetizovany, ale nedochézi k jejich sekreci, byly zjistény i

u jinych myelomovych bun¢k [41].

Vybrané proteinové spoty z gelt 2-D elektroforézy byly pomoci hmotnostni
spektrometrie identifikovany jako tézké fetézce lidskych imunoglobulini podtiidy IgAl a
lidské lehké fetézce kappa se specificitou vic¢i antigenu viru hepatitidy B (HBsAg).
Potencialné prakticky vyuzitelnou moznost, ze linie UHKT-944 produkuje protilatky proti
HBsAg, jsme se pokusili ovétit, ovSem obé imunoanalyzy pouzité k detekci antiHBsAg mély

v souladu s nasim pfedpokladem negativni vysledek.

V bunikach linie UHKT-944 kultivovanych po dobu 9 mésic byla prokézana
ptitomnost somatické hypermutace ve variabilni oblasti tézkého fetézce imunoglobulinového
genu (IgVH). Byla detekovana klonalni pfestavba VH3-9, kterd vykazovala 91% homologii
se zarodecnou linii. Vysledky také potvrzuji klondlni piivod linie UHKT-944.

4.6 Cytogeneticka analyza

Pomoci techniky mFISH a klasické cytogenetické analyzy byla u linie UHKT-944
prokazéana ptitomnost téméi tetraploidniho karyotypu s né€kolika numerickymi a strukturnimi
aberacemi vcetn¢ translokace zahrnujici lokus pro tézky fetézec imunoglobulinti (IgH) na

chromozomu 14q32. Vyskyt téchto translokaci je ¢asto spojovan s progresi onemocnéni [42-
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44]. U linie UHKT-944 byla zjiSténa translokace t(14;20). Tato translokace, ktera byla
detekovéna iu jinych MM a PCL linii, je spojovana s horsi prognézou a odpovida pacientove
kratké dob¢ preziti [45,46]. Translokace t(14;20) byla také detekovana ve vzorku kostni dien¢
pacienta, ktery byl ziskan v dobé stanoveni diagnézy, coz vyluCuje moznost, ze by tato
aberace vznikla jako dusledek  dlouhodobé kultivace bunék UHKT-944 in vitro.
Cytogeneticka analyza vzorkt kostni diené pacienta a bunék UHKT-944 odhalila pfitomnost
monosomie 13, kterd je povazovana za negativni prognosticky faktor u PCL [47]. N¢které
chybéjici nebo naopak nadpocetné chromozomy zjisténé u linie UHKT-944 lze také nalézt u
plazmocelularnich a myelomovych linii. U linie UHKT-944 byly zjisténé translokace t(1;9),
t(1;18), t(6;18), t(15;16) a delece del(5). Tyto aberace byly popsany i u vySe zminénych
bunécnych linii, avSak na jinych lokusech a jen velmi vyjime¢né. Chromozomalni aberace
der(13)t(1;13) byla krom¢ linie UHKT-944 detekovana také u linie FR4 odvozené¢ od
plazmocytomu [48]. Zda se, Ze ostatni strukturni aberace zjisténé u linie UHKT-944 nebyly

dosud u buné¢nych linii odvozenych od plazmatickych bunék popsany [22].

4.7 Vylou€eni pfitomnosti EBV a mykoplazmy

Ptitomnost DNA viru EBV u linie UHKT-944 byla vyloucena metodou PCR.
Fluorescencni barveni DNA neprokdzalo ptitomnost mykoplazmat. Kontaminace bun¢k

UHKT-944 mykoplazmaty byla béhem kultivace pravideln¢ kontrolovana.

4.8 Vliv SAHA a VPA na indukci apoptézy linie UHKT-944

Plisobenim obou inhibitort dochédzelo k translokaci fosfatidylserinu na vnéjsi stranu
cytoplazmatické membrany a ke zvySeni poctu nekrotickych bunék. Vliv inhibitord byl
zna¢né snizen piitomnosti inhibitoru kaspaz Q-VD-OPh, coz naznacuje, Ze smrt bunck, ktera
nastava po pusobeni téchto inhibitord, je zavisla na kaspazach. Zjistili jsme, Ze SAHA i VPA
byly schopny navodit apoptdézu prostfednictvim aktivace kaspazy-3. Dle vysledkl
publikovanych studii mohou SAHA i VPA inhibovat bunécnou proliferaci a indukovat na
kaspazach zavislou 1 nezdvislou apoptdzu, vcetné jiné formy bunécné smrti u fady

myelomovych linii a primarnich myelomovych bunck [10,13,14].

4.9 Vliv mikroprostiedi kostni dfené na antiproliferaéni uc€inek
SAHA a VPA

Zjistili jsme, ze SAHA 1 VPA inhibuji bunéénou proliferaci, kterd klesala jak se

zvysujici se koncentraci inhibitord, tak také s dobou jejich ptisobeni. Pfitomnost slozek ECM
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neovliviiovala cytotoxicky ucinek SAHA a VPA, a tudiz mikroprostiedi simulované proteiny
ECM nema ochranné Gc¢inky na buiky UHKT-944, cozZ je v rozporu s nékterymi studiemi
[20,49,50]. Jednim z diivodii mtize byt nizkd schopnost linie UHKT-944 vazat se ke slozkam
pouzitého MaxGel™ ECM (MaxGel). Vysledky analyzy, kde byly pouzity komeréni stripy
potazené konkrétnimi proteiny ECM, potvrdily schopnost bunék UHKT-944 véazat se
vyraznéji pouze k lamininu. Piestoze je dle vyrobce laminin soucasti MaxGel, nemusi byt tato
slozka pfitomna v dostate¢ném mnozstvi. Na druhé stran¢ je mozné, ze se buitkky UHKT-944
mohou vazat kjinému proteinu, ktery neni soucasti MaxGel, a k pfirozené lidské

extracelularni matrici kostni diené by bunky adherovaly Iépe.

Rozdily v proliferaci byly detekovany mezi myelomovymi bunikami kultivovanymi s
BMSCs a bez stromalnich bunék, a to v ptipad¢ oSetfeni SAHA. SniZeni antiprolifera¢niho a
antiapoptotického uc¢inku 1é¢iv vlivem interakci BMSCs s myelomovymi buitkami bylo
popsano také v n€kolika studiich [51,52]. Z vysledkt vyplyva, Ze mikroprostiedi kostni diené
simulované stromalnimi buiikami ma céasteény ochranny ucinek proti pusobeni SAHA.
Zajimalo nas, zda neni tento efekt zplisoben pouze zvySenou koncentraci IL-6, ktery je, jak
jsme potvrdili analyzou, produkovan stromalnimi buitkami, a z tohoto diivodu byly buiky
UHKT-944 kultivovany s riznymi koncentracemi IL-6 a poté oSetieny SAHA a VPA.
Proliferace byla méfena metodou AlamarBlue. Nase data ukazuji, Ze koncentrace IL-6, kterd
odpovidala primérné koncentraci zjisténé pii kultivaci bunék se stromdlnimi buitkami béhem
experimentl, tj. 1 ng/ml (5x vys$i koncentrace IL-6 oproti kontrole) neméla zadny vliv.
V ptipadé vyssi koncentrace IL-6 (3,3 ng/ml) doslo ke snizeni antiproliferaéniho uc¢inku obou
inhibitord. Rozdily vSak nebyly vyhodnoceny jako statisticky vyznamné. Ackoliv byly bunky
UHKT-944 kultivovany v ptitomnosti IL-6, ktery byl do kultiva¢cniho média pfidavan v
koncentraci 1 ng/ml, skutecna koncentrace, ktera byla méfena imunometodou odpovidala 0,2
ng/ml IL-6. Z vysledkd lze usuzovat, ze k ochrannému efektu mikroprosttedi kostni diené
mize prispivat samotny cytokin, v naSem ptipad¢ vyssi koncentrace IL-6, ale také interakce
stromalnich buné¢k ¢i pfitomnost jinych faktord, které jsou témito bunikami produkovény, coz

také doklada rada studii [53,54].

4.10 Ovlivnéni bunééného cyklu linie UHKT-944 po pusobeni SAHA
a VPA

Analyzou bunééného cyklu jsme zjistili, Ze plisobenim danych koncentraci SAHA i

VPA nedochazi k zastaveé bunééného cyklu. Rozdily v distribuci jednotlivych fazi bunééného
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cyklu nebyly detekovany ani mezi bunikami kultivovanymi v ptitomnosti BMSCs a buiikami
samotnymi. Z vysledku je tedy zfejmé, ze oba inhibitory ovliviiuji bunéénou proliferaci jinym

mechanizmem neZ je zastava bunééného cyklu.

Pomoci pritokové cytometrie jsme také detekovali procentudlni zastoupeni bunék
vtzv. sub-Gl fazi, kterd odpovida bunkdm v pozdni fazi apoptdézy. Plsobenim obou
inhibitorti dochazelo k akumulaci bun¢k v sub-G1 fazi. Pokud byly buiiky oSetfteny SAHA a
kultivovany 48 hodin v pfitomnosti BMSCs, doSlo ke snizeni po¢tu bun¢k v sub-G1 fazi
oproti buitkdm bez BMSCs. Rozdily vSak nebyly vyhodnoceny jako statisticky vyznamné.
Piestoze HDAC inhibitory jsou zndmy svoji schopnosti indukovat zastavu bunééného cyklu
v ruznych typech nadori vcetné MM [14,55,56], v souladu s nasimi zavéry Du a spol
dokazuje, ze butyrat sodny, latka ze skupiny HDAC inhibitorQ, neni schopna indukovat
zastavu bunécného cyklu v G1 fazi [57]. Ke stejnym zavera dospél i Gao a spol., ktery zjistil,
Ze panobinostat, jeden ze slibnych 1¢kt s inhibicnim uc¢inkem na HDAC, neni schopen
navodit zastavu bunééného cyklu, a to ani v kombinaci s inhibitorem proteazomu
carfilzomibem [58]. Rozdilna schopnost latek indukovat zastavu bunécného cyklu mutze byt
zapti¢inéna piedev§im riiznymi typy testovanych bunéénych linii ¢i plisobenim rozdilnych

latek.

4.11 Ovlivnéni signalnich drah JAK/STAT a PI3K/Akt ptsobenim
SAHA a VPA

Abychom zjistili, zda vybrané HDAC inhibitory ovliviiuji JAK/STAT a PI3K/Akt
signalni drahy, testovali jsme miru fosforylace tyrozinové kinazy JAK2, transkripéniho

faktoru STAT3, proteinu Akt a dale zmény ve fosforylaci substrati Akt.

Pisobenim VPA doslo ke snizeni fosforylace STAT3 (Tyr705), jak ukazaly vysledky
analyzy pomoci ELISA. Prekvapivé byla fosforylace STAT3 sniZzena i v pfipad¢ kokultivace
bun¢k s BMSCs, kde jsme ptedpokladali pouze ¢astecny efekt. Divodem naSeho ptedpokladu
byla ndmi ovétena schopnost BMSCs produkovat velké mnozstvi IL-6, ktery je odpoveédny za
aktivaci JAK/STAT signalni drahy [59]. Schopnost VPA selektivné inhibovat fosforylaci
STAT3 byla poprvé popsana Zhuem a spol. na NK bunikdch [60]. Kromé VPA mize byt
JAK/STAT signalni draha u myelomovych bunék blokovéana inhibitorem JAK AZD1480 a to

i v ptipadé kokultivace bunék s BMSCs, coz je v souladu s vysledky nasich experimentt [61].

Vysledky byly také potvrzeny Western blotem, kde byla testovana mira fosforylace STAT3 a

JAK2. Pisobenim VPA doslo ke snizeni fosforylace obou testovanych proteinti. Pisobenim
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obou inhibitort doslo také ke snizeni fosforylace Akt. V ptipadé oSetifeni bunék VPA nebyly
pozorovany zadné signifikantni rozdily ve fosforylaci testovanych proteinti mezi bunikami
kultivovanymi s BMSCs a bunikami bez BMSCs. Rozdily vSak byly patrné v ptipad¢ bunék
oSetfenych SAHA, pfi¢emz vliv BMSCs na u¢inek SAHA byl nejvice ziejmy v piipadé zmén
fosforylace substrati Akt. Domnivame se, Ze tento efekt muize byt zplisoben piitomnosti

stromalnich bunék.

4.12 Charakterizace bunécné linie UHKT-893

U linie UHKT-893 byl cytogenetickou analyzou zjistén hyperdiploidni karyotyp se
strukturnimi a pocetnimi zménami zahrnujici mimo jiné trisomii 9, 19 a 21, které se vyskytuji
Castéji u pacientd s hyperdiploidnim typem myelomu [62]. Trisomie 9 a 19 jsou spojovany s
lepsi progndzou [63]. Ztrata chromozomu X u Zen, kterd byla také zjisténd u linie UHKT-893,
je jednou z dalsich pocetnich zmén chromozomt, které se Casto vyskytuji u MM [64]. VétSina
strukturnich aberaci zjisténych u linie UHKT-893 nebyla dosud popsana a jejich prognosticky
vyznam neni zndm. V buikdch UHKT-893 kultivovanych po dobu 4 a 7 mésici byla
prokadzdna pfitomnost somatické hypermutace ve variabilni oblasti tézkého fetézce
imunoglobulinového genu (IgVH). Byla zjiSténa klondlni pfestavba VH4-39, kterad
vykazovala 87,8% homologii se zarodec¢nou linii. Vysledky tedy potvrzuji klonalni ptivod
této linie. Postupnym snizovanim koncentrace IL-6 v médiu se ndm podafilo ustavit linii

UHKT-893, kter4 je zcela nezavisla na IL-6. Tato sublinie byla pojmenovana UHKT-893a.

5. ZAVERY

Ustaveni bunécné linie je stale nahodnou udalosti s velmi malou Gspésnosti. Piesto se ndm
podafilo ustavit dvé permanentni bunécné linie zavislé na IL-6 a sublinii nezavislou na IL-6 s
charakterem plazmatickych bunék odvozenych od pacientky s myelomem (UHKT-893,
UHKT-893a) a pacienta s plazmocelularni leukemii (UHKT-944). Linie UHKT-893 byla
charakterizovana v ramci diplomové prace Mgr. Ireny Vancurové. V disertacni praci jsme se
zaméfili na charakterizaci plazmocelularni linie UHKT-944 a zarovein byly u linie UHKT-893
provedeny dal$i analyzy vcetné vySetfeni klonalni pfestavby IgVH genli a cytogeneticka
analyza, které piispély k detailn€j§imu popisu této bunécné linie. U linie UHKT-944 byl
prokazan fenotyp malignich plazmatickych buné€k a zjisténa produkce imunoglobulinu IgAl-
kappa. Cytogenetickou analyzou byl prokdzan téméf tetraploidni karyotyp s numerickymi a
strukturnimi aberacemi typickymi pro MM a PCL. Vysledky analyzy piestaveb

imunoglobulinovych gent potvrdily klonalni pivod linie UHKT-944 a pfitomnost somatické
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hypermutace ve variabilni oblasti tézkého fetézce imunoglobulinového genu. Ustavené
bunécné linie jsou nepostradatelnym nastrojem pro studium patogeneze tohoto onemocnéni
jak na bunécné, tak také molekularni trovni. Obé linie UHKT-893 i UHKT-944 byly zaslany
do némecké sbirky mikroorganizmt a bunéénych kultur (DSMZ, Braunschweig) a jsou volné
k dispozici pro vyzkumné ucely. Sesterskd linie UHKT-893a nezavisld na IL-6 bude
uzitetnym modelem pro studium vlivu tohoto cytokinu na bunécnou signalizaci u

mnohocetného myelomu.

Ve druhé ¢asti disertacni prace jsme se zaméfili na studium vlivu HDAC inhibitord,
kyseliny valproové (VPA) a suberoylanilidu kyseliny hydroxamové (SAHA), na buné¢nou
linii UHKT-944 v ptitomnosti ¢i nepfitomnosti mikroprostiedi kostni dfené. Zjistili jsme, ze
SAHA i VPA indukuji apoptdzu zavislou na kaspazach a inhibuji bunéény rist, nebyl vSak u
nich pozorovan vliv na zastoupeni bun¢k v jednotlivych fazich bunééného cyklu. NasSe
vysledky ukazuji, ze jednim z mechanismi plisobeni VPA na tyto buniky je inhibice
JAK/STAT signalni drédhy. Ddéle jsme prokézali, Ze pusobeni inhibitor je ovlivnéno
mikroprostiedim bunky, pfedev§im pfitomnosti stromélnich bun¢k z kostni dfené pacientii
s MM. Nase vysledky naznacuji, Ze SAHA i VPA by mohly pfedstavovat slibné latky
v terapiit MM a PCL. Mikroprostiedi kostni diené¢ bychom neméli opomenout v ptipadé

testovani novych potencialnich 1éki proti témto hematologickym malignitam.
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1. INTRODUCTION

Multiple myeloma (MM) is a type of cancer characterized by the presence of
malignant plasma cells in the bone marrow. MM accounts for approximately 1 % of all
cancers and for 10 % of all hematologic diseases. MM usually evolves from a disease termed
monoclonal gammopathy of undetermined significance (MGUS) [1,2]. Plasma cell leukemia
(PCL) is one of the most aggressive form of monoclonal gammopathies characterized by the
presence of monoclonal plasma cells in the bone marrow and in the peripheral blood. It is
considered to be a rare and aggressive variant of multiple myeloma and is associated with
poor prognosis with median survival counted in months. The diagnostic criteria of PCL
require both more than 20% plasma cells in peripheral blood and an absolute count greater
than 2x10°/1 [3,4]. PCL is divided into primary and secondary. Primary PCL arise de novo
and is observed in younger patients than MM. Primary PCL is more frequent than secondary
PCL which evolves from an existing case of multiple myeloma as part of the terminal phase
of the disease [5]. Despite progressive treatment approaches comprising novel drugs like
proteasome inhibitors, immunomodulatory drugs, as well as high-dose chemotherapy and
stem cell transplantation, the disease still remains incurable [6]. Histone deacetylase inhibitors
(HDACi) are promising therapeutic agents for cancer treatment including myeloma.
Inhibition of histone deacetylation results in opening of chromatin structure and subsequently
in changes in the gene transcription. This leads to apoptosis, differentiation and/or growth
arrest of tumour cells both in vitro and in vivo [7,8]. Suberoylanilide hydroxamic acid
(SAHA) is an HDAC: approved by the U. S. Food and Drug Administration for the treatment
of cutaneous T-cell lymphoma. SAHA induces apoptosis and growth arrest in other
hematological malignancies including myeloma and its efficacy increases in combination with
other antimyeloma drugs [9,10]. Several HDACi including SAHA are currently being
evaluated in clinical trials both in monotherapy and in combination with other therapeutics
[11]. Valproic acid (VPA) is primarily used in the treatment of epilepsy and as a mood
stabilising drug. Besides its anticonvulsant effect it also acts as a HDACi. VPA induces
differentiation of cancer cells including malignant hematopoietic cells, suppresses tumour
growth and metastasis in vivo and induce apoptosis in leukemic cells [12,13]. In MM VPA

regulates the cell cycle and induces apoptosis as well as other types of cell death [14,15].

Bone marrow microenvironment (BMM) plays a critical role in the pathogenesis of
MM and PCL and is considered to be responsible for the resistance to treatment [16].

Adhesion of malignant plasma cells to bone marrow stromal cells (BMSCs) activates several
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signalling pathways and contributes to the production of several growth factors and cytokines
including interleukin-6 (IL-6) which is considered to be one of the growth and survival factors
in MM [17]. IL-6 stimulates angiogenesis and activates several signalling pathways such as
JAK/STAT and PI3K/Akt [18,19]. It was reported that interaction with bone marrow stromal
cells or extracellular matrix (ECM) proteins can protect myeloma cells from drug-induced cell
death [20,21]. Not only IL-6, but other growth factors as well as cytokines produced by the
bone marrow microenvironment are responsible for proliferation and survival of myeloma

cells.

Permanent hematopoietic cell lines retain most of the genotypic and phenotypic
features of malignant cells of patients with blood malignancies. Cells forming permanent cell
lines are considered to be immortal when they are capable of greater than 150-200 doublings,
another parameter may be continuous growth for at least one year [22]. Permanent cell lines
derived from malignant cells are indispensable tools for the study of cellular and molecular
mechanisms of pathogenesis of malignant diseases. Permanent cell lines are suitable models
for testing new therapeutics in preclinical studies. Established murine myeloma cell lines are
essential tools for monoclonal antibody production technology. With the development of high
quality culture media supplemented with growth factors and cytokines, many cell lines

representing rare types of acute and chronic leukemia have been established.

In this dissertation, we investigated the effect of SAHA and VPA on a plasma cell
leukemia cell line UHKT-944. We further focused on possible protective effect of BMM,
especially BMSCs, against the treatment with these inhibitors. The other aim of the
dissertation was characterization of cell lines UHKT-893 and UHKT-944 which were
established in our laboratory in 2010. The UHKT-893 cell line was characterized in the
Thesis of MSc. Irena Vancurovd. We performed additional analysis to complete
characterization of this cell line and provided detailed characterization of the UHKT-944 cell

line.

2. AIMS OF THE STUDY

e to characterize the cell line UHKT-944 derived from a patient with plasma cell

leukemia, which was established in our laboratory in 2010

e to characterize the cell line UHKT-893 derived from a patient with multiple myeloma
which was established in our laboratory in the same year as UHKT-944. This cell line

was established and characterized in the Thesis of MSc Irena Vancurova and we
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performed additional analyses which contributed to detailed characterization of this

cell line

e to describe and analyse the effect of selected histone deacetylase inhibitors on

proliferation and induction of apoptosis in UHKT-944 cell line

e to find out and analyse possible protective effect of the bone marrow

microenvironment against SAHA and VPA

e to determine the effect of SAHA and VPA on selected signalling pathways that are

responsible for myeloma cell growth and survival

3. MATERIAL AND METHODS

3.1 Material

For the experiments we used cell lines, antibodies and HDAC inhibitors listed in the
dissertation. We further used commercially available chemicals and kits. All chemicals used

were of analytical grade.

3.2 Methods

A detailed description of the used methods is given in the dissertation.

3.2.1 List of methods used for establishment and characterization of cell lines

Isolation and cultivation of cells from the bone marrow (bone marrow samples were
obtained from patients diagnosed with MM for routine diagnostic purposes at the Division of
Hematology, General Faculty Hospital, Prague. The same day, a part of the sample was sent
to the Institute of Hematology and Blood Transfusion (IHBT) and processed for research
purposes), measurement of cell proliferation and viability (Cell Proliferation Reagent kit
WST-1, trypan blue dye exclusion staining), morphology characterization (the plasma cell
morphology has been confirmed by Giemsa staining of cytospine preparations),
immunophenotype FACS analysis, cytogenetic analysis (classical cytogenetic and mFISH
analysis were performed at the Department of Cytogenetics, IHBT), analysis of I[gVH gene
mutation status (clonal IgVH rearrangements were identified in the Leukemia PCR
Diagnostics Laboratory, IHBT), measurement of secreted immunoglobulins (the cell secretion
of immunoglobulins and of their free light chains was routinely measured by a nephelometry

technique at the Institute of Clinical Biochemistry and Laboratory Diagnostics, General
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Faculty Hospital, Prague), two-dimensional (2-D) electrophoresis, mass spectrometry
(analysis was performed in the Laboratory of Mass Spectrometry, Faculty of Science of the
Charles University in Prague), analysis of anti-HBsAg antibody (to evaluate the potential
response of [gA antibody to hepatitis B virus (HBsAg) the samples were measured by a direct
non-competitive ELISA wusing ETI-AB-AUK-3 (anti-HBs) kit and by CMIA
(Chemiluminescent Microparticle Immunoassay) using Architect anti-HBs assay at the
National Reference Laboratory (NRL) for Viral Hepatitis (National Institute of Public Health
[NIPH], Prague)), mycoplasma detection (standard fluorescent DNA staining with Hoechst
33258), EBV detection (UHKT-944 cell line was routinely examined for the presence of
Epstein—Barr virus (EBV) DNA by PCR at the NRL for Herpetic Viruses (NIPH, Prague)).

3.2.2 List of methods used for the study of the effect of HDACi on UHKT-944

cell line

Cultivation of UHKT-944 cells (cells were cultivated in RPMI-1640 medium
supplemented with L-glutamine, 1 ng/ml recombinant human IL-6, 10% fetal bovine serum,
100 U/ml penicillin and 100 pg/ml streptomycin), isolation and cultivation of bone marrow
stromal cells (stromal cells were obtained by cultivation of mononuclear cells from patient’s
bone marrow and cultivated in RPMI-1640 medium without IL-6), cell cultivation in BMSCs
surroundings (UHKT-944 cells were seeded in glass Erlenmeyer flasks with or without
BMSCs, cells were allowed to interact with BMSCs for 3 days and thereafter HDACi were
added to reach final concentrations of 0,5 mM or I mM VPA and 1 uM or 1,5 uM SAHA),
cell cultivation in ECM surroundings (a tissue culture 96-well plate was coated with
MaxGel™ ECM (MaxGel), cells were added to wells coated with MaxGel and to untreated
wells, after 48 hours of incubation with ECM, HDACi were added to reach final
concentrations of 0,5 mM or 1 mM VPA and 1 uM or 1,5 uM SAHA), cell cultivation in the
presence of various concentrations of IL-6 (UHKT-944 cells were seeded in glass Erlenmeyer
flasks with different IL-6 concentrations: 0,2 ng/ml, 1 ng/ml and 3,3 ng/ml. Cells were
incubated for 3 days and thereafter HDACi were added to reach final concentrations of 0,5
mM or 1 mM VPA and 1 uM or 1,5 uM SAHA), cell proliferation assay (cell proliferation
was measured after 24 and 48 hours of treatment using AlamarBlue® assay), detection of
apoptosis (Annexin-V-FLUOS staining kit, Caspase-3/CPP32 colorimetric assay Kkit),
measurement of adhesion to MaxGel and ECM proteins (Millicoat 96-well ECM Screening
Kit, performed according to procedure Kuzelova et al. [23]), measurement of IL-6

concentrations (IL-6 was measured by means of immunoassay at the Department of Clinical
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Biochemistry, Thomayer Hospital, Prague), flow cytometry cell cycle analysis, ELISA
(PathScan® Phospho-Stat3 (Tyr705) Sandwich ELISA kit), SDS electrophoresis, Western

blotting, statistical analysis (Student’s t-test and Wilcoxon paired samples test)

4. RESULTS AND DISCUSSION

4.1 Patient

The patient's bone marrow sample was obtained from a 55-year-old man suffering from
fatigue and bone pain. The patient was diagnosed with plasma cell leukemia of IgA-«x type in
June 2010. Flow cytometry analysis showed 25 % plasma cells in the bone marrow and 25 % in the
peripheral blood. The patient was treated by 6 cycles of chemotherapy with Cyclophosphamide +
Dexamethasone (CD) or Cyclophosphamide + Velcade + Dexamethasone (CVD) but unsuccessfully.

The patient died of the disease progression accompanied by bronchopneumonia in November 2010.

4.2 Cell line establishment and growth characteristic

Primary culture of the bone marrow sample was established 2. 6. 2010. Proliferation
of cells with plasma cell morphology was noticed two months after the culture initiation and
the emerging cell line was named UHKT-944. Cells from the primary culture were transferred
to stroma cell-free culture flask. Bone marrow stromal cells produce grow factors and
cytokines necessary for the myeloma cell growth [24]. Following each transfer to stroma cell-
free culture flask without IL-6, the cells stopped proliferating and were progressively dying.
For that reason, the cells were permanently cultivated in the presence of IL-6 which is
considered to be the key factor responsible for the survival and growth of myeloma cells [25].
Kawano et al. first showed that myeloma cells proliferate in response to IL-6 [26]. Most of the
cell lines derived from malignant plasma cell is dependent on IL-6 including UHKT-944 cell
line [22]. Other factors such as fibronectin can also be critical [27]. Although IL-6
concentration of 0,5 ng/ml was found to be sufficient for the growth and survival of UHKT-
944 cells, they were permanently cultivated in the presence of 1 ng/ml IL-6. The same
concentration was used in other studies involving myeloma cell lines [28,29]. The dependence

of UHKT-944 cells on IL-6 has been repeatedly verified.
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4.3 Morphology of UHKT-944 cells

Cytospine preparations of UHKT-944 cells stained by Giemsa showed a mixture of
mononuclear, larger binuclear, and multinuclear cells with plasma cell morphology. Up to

twelve nuclei in one cell were found among UHKT-944 cells, with rare incidence.

4.4 Immunophenotype FACS analysis of UHKT-944 cells

The expression of CD138 and CD38 confirmed a plasma cell phenotype. UHKT-944
cells were negative for most of the tested B-cell, T-cell, and myeloid markers. The analysis
also revealed the presence of monoclonal cytoplasmic Ig kappa light chain. Aberrant
expression of CD28 on the surface of PCL and MM cell lines is very frequent and is also
present on UHKT-944 cells. CD28 expression is associated with disease progression which is
also supported by its increased expression in secondary PCL, occurring in patients with
advanced or refractory MM [30]. Slight expression of CD56 was found in UHKT-944 cells.
Strong expression of CD56 is characteristic for malignant plasma cells of MM patient [31].
Contrarily, in the study of Pellat-Deceunynck et al., patients with both primary and secondary
PCL do not express CD56 or very weakly [32]. The B-cell marker CD19 was not detected in
patients with PCL neither in UHKT-944 cells. The aberrant expression of CD33, the presence
of CD98 and the absence or weak expression of CD56 and CD117 have been shown to
correlate with a poor prognosis [33-36]. The same expression pattern was found in UHKT-
944 cells. Endoglin (CD105) was negative in UHKT-944 cells, which was striking with
regard to the positivity of all MM cell lines tested to date [22]. Strong coexpression of CD85k
(ILT-3, LIR-5) with CD123 (IL-3R alpha) is peculiar, because CD85k is expressed on the
surface of dendritic cells, monocytes and macrophages [37] and CD123 is highly expressed only
in plasmacytoid dendritic cells and basophil granulocytes [38]. Also peculiar, a case of acute
myeloid leukemia mimicking plasmacytoid dendritic precursor cell leukemia has been
described [39]. High expression of CD98 have been shown to correlate with a poor prognosis
of patients diagnosed with MM which is in agreement with the short survival of our patient
numbered 944 [34]. CD184 (CXCR4) was not tested on other plasma cell derived cell lines at
their establishment, but it was clearly present on UHKT-944 cells and also on plasma cells in
patients with MM. It was demonstrated to be involved in migration and homing of MM cells
[40]. CD3, CDS, CD34, CD13, CD15, and CD65 were negative on UHKT-944 and always

negative in other plasma cell lines at the time of their establishment [22].
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4.5 Secreted immunoglobulins

UHKT-944 cells were found to produce IgAl-kappa, which is in agreement with the
finding of IgA and kappa light chain in the patient’s serum and urine. We also found that
UHKT-944 cells produce, but do not secret free light chains. Synthetized but not secreted

light chains were also detected in other myeloma cells [41].

One selected protein spot from 2-D electrophoresis was analysed by mass
spectrometry and identified as human immunoglobulin alpha-1 (IgAl) heavy chain. A second
spot showed similarity to human kappa light chain with the specificity to the hepatitis B
surface antigen (HBsAg). Based on this finding, we tried to verify whether the antibody
produced by UHKT-944 cells really displays the affinity to HBsAg. As we expected, the
results of both immunoanalysis were negative. In 9-month-old UHKT-944 cells, sequence
analysis of IgVH gene rearrangements revealed IgVH gene somatic hypermutation. The
rearrangement was found of VH3-9 IgVH genes with 91% homology to the germline
sequence. The results confirmed the clonal origin of the UHKT-944 cell line.

4.6 Cytogenetic analysis

Using mFISH and classical cytogenetic analysis, the cells were classified as near
tetraploid with several numerical and structural abnormalities including translocation
involving IgH locus on chromosome 14q32. These translocations are associated with
progression of the disease [42-44]. In UHKT-944 cells, we detected t(14;20) translocation
which is associated with poor prognosis. This translocation was also detected in some MM
and PCL cell lines and corresponds with short survival of patient n. 944 [45,46]. This
translocation was also detected in the patient’s bone marrow sample at the time of diagnosis,
which excludes the possibility that t(14;20) was the result of the long-term cell cultivation.
The cytogenetic analysis of both patient’s and UHKT-944 cells revealed monosomy of the
13th chromosome, which is also considered to be a negative prognostic factor in plasma cell
leukemia [47]. Some missing or redundant chromosomes corresponding to those detected in

UHKT-944 cells have been also found in several PCL, MM, and plasmacytoma cell lines.

T(1:9), (1;18), (6;18) (15;16), and del (5) were also found in plasma cell lines, but on different
locuses and very rarely. UHKT-944 cells carry der(13)t(1;13), which was also found in FR4
plasmacytoma cell line [48]. Other structural abnormalities in UHKT-944 karyotype appear to

have been noted for the first time among plasma cell derived cell lines [22].
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4.7 Mycoplasma and EBV detection

Using PCR, UHKT-944 cells were shown to be negative for the presence of EBV-
DNA. According to the fluorescent DNA staining, contamination by mycoplasma has been

repeatedly excluded.

4.8 Effect of SAHA and VPA on apoptosis in UHKT-944 cells

Treatment by both SAHA and VPA increased phosphatidylserine externalization and
the number of necrotic cells. When the cells were co-treated with the pan -caspase inhibitor,
the effects were largely reduced suggesting that the cell death caused by these inhibitors is
caspase-dependent. Both VPA and SAHA induced apoptosis via caspase-3 activation in
UHKT-944 cells. Both VPA and SAHA have been shown to induce both caspase-dependent
and -independent apoptosis or even non-apoptotic cell death and to inhibit the proliferation of

other myeloma cell lines as well as in primary multiple myeloma cells [10,13,14].

4.9 Impact of the bone marrow microenvironment (BMM) on
antiproliferative effect of SAHA and VPA

We found that both SAHA and VPA inhibited cell proliferation in a dose and time
dependent manner. Cytotoxicity effect of SAHA and VPA was not influenced by the presence
of ECM proteins. BMM simulated by ECM proteins had thus no protective effect which is in
contrast to some studies [20,49,50]. The reason for that could be the low ability of UHKT-944
cells to adhere to plate coated with MaxGel. Adhesion assay using Millicoat 96-well ECM
Screening Kit showed strong interaction of UHKT-944 cells only with laminin. Although
laminin is a component of the MaxGel it may not be present in sufficient quantities. On the
other hand, UHKT-944 cells might adhere to another ECM protein which is absent from
MaxGel. Importantly, differences in the cell proliferation were observed between the cells co-
cultured with BMSCs and cultured alone, especially in the presence of SAHA suggesting that
BMSCs have partial protective effect against SAHA treatment. Previous studies showed that
BMSCs protect myeloma cells from drug induce apoptosis or inhibit their antiproliferative

effect [51,52].

The results revealed that BMSCs had partial protective effect against SAHA treatment.
Because we proved that BMSCs produce IL-6, we further wanted to address the question
whether IL-6 alone could be responsible for these observations. For that reason the cells were

cultivated in the presence of various concentrations of IL-6 and thereafter HDACi were
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added. Cell proliferation was measured using AlamarBlue assay. Concentration of IL-6 which
corresponded to the mean concentration produced by BMSCs in the experiments — i.e. 1 ng/
ml (5 times higher than in the culture medium from the control cells) did not have any effect,
however higher concentration of IL-6 (3,3 ng/ml) had a tendency to decrease the
antiproliferative effect of both VPA and SAHA. However, these results were not found

statistically significant.

Although the UHKT-944 cells were cultivated in RPMI-1640 medium supplemented
with 1 ng/ml IL-6, the real concentration of IL-6 measured by means of immunoassay was 0,2
ng/ml. Our results suggest that the protective effect of BMM may be partly due to IL-6 alone

but also to the presence of stromal cells or other factors they produce as evidenced by several

studies [53,54].

4.10 Effect of SAHA and VPA on cell cycle distribution

Using cell cycle analysis we showed that neither SAHA nor VPA had any significant
effect on the cell cycle distribution of UHKT-944 cells cultured alone or in the presence of
BMSCs. Hence, these compounds can influence the cell growth without causing cell cycle
arrest. Using the cell cycle analysis, we also quantified the percentage of the cells in sub-G1
phase which represents a population of late apoptotic cells. We found that both VPA and
SAHA increased sub-G1 cell population. When the cells were 48 hours treated with SAHA in
the presence of BMSCs, the number of apoptotic cells was lower in comparison with cells
cultured with SAHA alone. However, these results were not found statistically significant. In
several studies, HDACi have been shown to induce a cell cycle arrest in several types of
tumour including MM [14,55,56]. In agreement with our data, Du et al. reported that another
HDACI, sodium butyrate, did not arrest the cell cycle in the Gl phase [57]. Similarly,
panobinostat, one of promising HDACi for combined therapy showed no effect on MM cell
cycle distribution while used alone or in combination with the proteasome inhibitor
carfilzomib [58]. Reasons for discrepancies in studies are unclear, but different type of

treatment involving different cell lines may be responsible for these different results.

4.11 Effect of SAHA and VPA on JAK/STAT and PI3K/Akt signalling
pathways

To find out whether SAHA and VPA target JAK/STAT or PI3K/Akt signalling

pathways, we investigated the phosphorylation status of tyrosine kinase JAK2, transcription
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factor STAT3, Akt protein and also the profile of Akt phospho-serine/threonine substrates.
Results from ELISA test of pSTAT3(Tyr705) showed that VPA down-regulated the
phosphorylation of STAT3 even when the cells were co -cultured with BMSCs where we had
assumed only partial effect. The reason for this assumption was the fact that BMSCs produce
high concentration of IL-6 which is one of the factors responsible for JAK/STAT pathway
activation [59]. In consistency with our data, VPA has been shown to inhibit STAT3
phosphorylation in natural killer cells as reported by Zhu et al. [60]. Apart from VPA, a novel
JAK inhibitor AZD1480 was shown to block JAK/STAT signalling in myeloma cells cultured
alone, or even when co-cultured with BMSCs, similarly as in our experimental system [61].
These results were confirmed by western blot analyses showing the decrease of pJAK2 and
pSTAT3. Both VPA and SAHA also down-regulated the phosphorylation at the tested Akt
phosphorylation sites. No significant differences were found between the cells cultured alone
or co-cultured with BMSCs when VPA was present. Interestingly, co-culture of UHKT-944
cells with BMSCs slightly influenced the phosphorylation changes in case of SAHA
treatment. The effect was more evident in Akt substrates phosphorylation changes. We

suppose this might be attributed to the presence of BMSCs.

4.12 Characterization of the cell line UHKT-893

Using cytogenetic analysis, UHKT-893 cells were classified as hyperdiploid with
numerical and structural abnormalities including trisomy 9, 19 and 21, which are often found
in patients with the hyperdiploid variant of myeloma [62]. Trisomy of chromosomes 9 and 19
has been shown to be associated with a favourable prognosis [63]. The loss of chromosome X
in women belongs to the most frequent chromosomal losses in MM and the chromosome X
was also missing in UHKT-893 cells [64]. The most of the structural abnormalities in UHKT-
893 karyotype appear to have been noted for the first time and their prognostic significance is
not known. In 4-month-old and 7-month-old UHKT-893 cells, sequence analysis of I[gVH
gene rearrangements revealed IgVH gene somatic hypermutation. The rearrangement was
found of VH4-39 IgVH genes with 87,8% homology to the germline sequence. The results
confirmed the clonal origin of the UHKT-893 cell line. We succeeded in establishing IL-6
independent subline termed UHKT-893 by gradually reducing the concentration of IL-6 in

culture medium.
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5. CONCLUSIONS

Establishment of a cell line is still a coincidental event with very low incidence. In
spite of this we succeeded in establishing IL-6-dependent permanent cell lines and IL-6-
independent subline with the character of plasma cells derived from a patient with myeloma
(UHKT-893, UHKT-893a) and a patient with plasma cell leukemia (UHKT-944). UHKT-893
cell line was established and partially characterized in the Thesis of MSc. Irena Vancurova.
We focused on characterization of the plasma cell leukemia cell line UHKT-944 as well as
additional analyses including sequence analysis of [gVH gene rearrangements and cytogenetic
analysis which contributed to more detailed characterization of the UHKT-893 cell line.
Analysis of UHKT-944 cells showed the phenotype of malignant plasma cells and production
of immunoglobulin IgA1-kappa. According to cytogenetic analysis the cells were classified as
near tetraploid with several numerical and structural abnormalities typical for MM and PCL.
Sequence analysis of I[gVH gene rearrangements confirmed the clonal origin of UHKT-944
cell line and revealed IgVH gene somatic hypermutation. Established cell lines are
indispensable tools for the study of cellular and molecular mechanisms of pathogenesis of
many malignant diseases. Both cell lines UHKT-893 and UHKT-944 were sent to the German
Collection of Microorganisms and Cell Cultures (DSMZ, Braunschweig) and are freely
available for research purposes. Interleukin-6 independent subline UHKT-893a provides a

useful model for studying the effects of this cytokine on cell signalling in MM.

The second part of the thesis was focused on the effect of selected HDACi VPA and
SAHA on the UHKT-944 cell line in the presence or absence of the bone marrow
microenvironment. We found that SAHA and VPA induced caspase-dependent apoptosis,
inhibited cell proliferation but had no effect on the cell cycle distribution of UHKT-944 cells.
Our results suggest that inhibition of JAK/STAT pathway is one of the mechanisms of action
of VPA in myeloma cells. We further revealed that BMM, especially BMSCs derived from
patients with MM, influenced the efficiency of used inhibitors. In conclusion, VPA and
SAHA might represent an additional therapeutic strategy in the treatment of MM and PCL.
According to our results, BMM should be taken into account when investigating a prospective

therapeutic agents against these hematologic malignancies.
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