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ABSTRAKT

Mnohocetny myelom a jeho agresivni varianta, tzv. plazmocelularni leukemie, jsou
stale povazovany za nevyléc€itelnd onemocnéni, a to i pfes znacny pokrok ve vyvoji novych
lé¢iv. PtiCinou je Casto mikroprostfedi kostni dienég, které zplisobuje, Ze myelomové buiky
se stavaji rezistentnimi na 1é¢bu. Hematopoetické bunééné linie odvozené z jednotlivych
hematologickych malignit jsou nepostradatelnym nastrojem pro studium etiopatogeneze
téchto onemocnéni a pro testovani novych potencidlnich 1éCiv. Jejich ustaveni je vsak stale

povazovano za ndhodnou a vzacnou udalost.

Prvni ¢ast predkladané prace se zabyva ustavenim a charakterizaci bunétné linie
UHKT-944 odvozené od pacienta s primarni plazmocelularni leukemii a dokoncenim
charakterizace bunétné linie UHKT-893 odvozené od pacientky s mnohocetnym
myelomem. U linie UHKT-893 byly provedeny analyzy zahrnujici mimo jiné vySetteni
klonalni pfestavby IgVH genli a cytogenetickou analyzu, které ptispély k detailn&jsimu
popisu této bunétné linie. Béhem kultivace bunck linie UHKT-944 byly monitorovany
rustové charakteristiky, byla zjiSténa zavislost této linie na interleukinu-6 (IL-6) a
provedena imunofenotypizace, kterd prokédzala piitomnost povrchovych znaka
specifickych pro maligni plazmatické buinky. Analyzou byla zjiSténa produkce
monoklondlnitho imunoglobulinu IgAl-kappa. Na zikladé cytogenetické analyzy byly
buiky klasifikovany jako téméf tetraploidni s nékolika numerickymi a strukturnimi

aberacemi.

Ve druhé casti prace jsme se zabyvali studiem vlivu vybranych inhibitort
histondeacetyldz kyseliny valproové (VPA) a suberoylanilidu kyseliny hydroxamové
(SAHA) na bunécnou linii UHKT-944 v ptitomnosti ¢i nepfitomnosti mikroprostiedi
kostni diené, které bylo simulovano slozkami extraceluldrni matrix, stromalnimi buitkami
kostni diené pacientd s diagnézou mnohocetného myelomu nebo riznymi koncentracemi
IL-6. Bylo zjiSténo, Ze SAHA 1 VPA indukuji apoptézu a inhibuji bunéény rist, nebyl vSak
u nich pozorovan vliv na zastoupeni bunék v jednotlivych fazich bunécného cyklu.
Z vysledku dale vyplyva, Ze jednim z mechanizmi pisobeni VPA na myelomové buiiky je
inhibice drahy JAK/STAT. Byl prokéazan vliv mikroprostfedi kostni diené, pfedevSim pak
stromalnich buné€k, na ucinek téchto inhibitorii. Vysledky prace naznacuji moznost vyuziti

VPA i SAHA k 1é¢bé tohoto vzacného onemocnéni.
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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.
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1 UVOD

1.1 MNOHOCETNY MYELOM A PLAZMOCELULARNI
LEUKEMIE

Mnohocetny myelom (MM) je nddorové onemocnéni charakterizované ptitomnosti
malignich plazmatickych bunék v kostni dfeni. Podstatou je patrné maligni transformace
B-lymfoidnich bun€k ve folikulu lymfatické tkané€, které nekontrolované proliferuji a
zaroven diferencuji na patologické plazmablastické bunky. Proliferace a akumulace
plazmatickych bun€k probiha pievdzné v kostni dfeni. Mnohocetny myelom ptedstavuje
zhruba 1 % vSech nddorovych onemocnéni a 10 % hematologickych onemocnéni
s incidenci 4-6 ptipadd na 100 000 obyvatel [1,2,3]. Median celkového pfeziti je u pacientd
schopnych podstoupit autologni transplantaci krvetvornych bun€k (ASCT) 6-8 let, u
pacientl, ktefi nespliiuji kritéria pro ASCT, je medidn celkového pfeziti nizsi [4].
Mnohocetnému myelomu predchazi onemocnéni zvané monoklonalni gamapatie nejasného
vyznamu (MGUS), kter¢ je charakterizované ptfitomnosti monoklondlniho imunoglobulinu
(<30 g/), ale nedochazi k postizeni kosti ¢i ledvin. Pocet monoklonalnich plazmatickych
bunék v kostni dfeni neptekracuje 10 %. Toto onemocnéni bylo diive oznacovano také
jako benigni monoklondlni gamapatie [5,6] Plazmatickd buika vzniklad diferenciaci B-
lymfocytu je za normdlnich okolnosti nedé¢lici se buiikou, jejimz hlavnim ukolem je
sekrece imunoglobulinti. Fyziologické plazmatické buiiky brzy podléhaji apoptoze, tedy
programované bunéfné smrti, naopak myelomové buniky jsou téméf nesmrtelné.
Myelomové bunky pochdzi z jednoho vyvojového klonu B-lymfocytu a maji tedy
schopnost tvofit tzv. monoklondlni imunoglobulin. Muze se jednat o kompletni
imunoglobulin, méné casto pak o lehké fetézce nebo myelomova buitka imunoglobuliny
produkuje, ale nedochazi k jejich sekreci. Samotny imunoglobulin pak muize vyvolavat
celou fadu klinickych ptiznak jako je napf. myelomova nefropatie, porucha krevni
srazlivosti atd. V moc¢i lze detekovat tzv. Bence-Jonesovu bilkovinu. Jednd se o
paraprotein tvofeny vétSinou lehkymi fetézci monoklondlniho imunoglobulinu. Dal§imi
ptiznaky, které jsou zplsobené pievazné cytokiny myelomovych bunék, je postizeni
skeletu s rozvojem tzv. myelomové kostni nemoci, Casté infekce, horeCky a celkova
slabost. Diagndézu mnohocetného myelomu stanovuje klinicky Iékai a to na zakladé

vyhodnoceni zobrazovacich, morfologickych a laboratornich udaji [2]. Pro stanoveni
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spravné diagnézy je nutno splnit nékterd ze starSich ¢i novéjSich kritérii, ktera jsou

uvedend v tabulce 1 a tabulce 2.

Tab. 1 — Kritéria mnohocetného myelomu dle Durieho a Salmona, 1975 [7].

Velka kritéria Mala kritéria
1) plazmocytom (histologie tkan¢) a) 10 — 30 % plazmocyti v kostni dieni
2) pocet plazmocytti v kostni dieni > 30 % b) koncentrace M-Ig niz§i neZ v bodé 3
3) sérové koncentrace monoklonalniho ¢) ptitomna osteolyticka loziska
imunoglobulinu (M-Ig): d) sniZeni ostatnich fyziologickych Ig
M-IgG > 35 g/l IgM < 0,5 g/l
M-IgA > 20 g/1 IgA<1g/l
nebo mnozstvi lehkych fetézci v moci za 24 h IgG<6gl
>1g

Diagnéza mnohocetného myelomu je jasna, je-li pfitomno jedno velké a jedno malé kritérium,

anebo jsou-li pfitomna kritéria a+b a dale kritérium c nebo d.

Tab. 2 — Diagnostickd kritéria symptomatického myelomu IMWG, 2003 (International
Myeloma Working Group) [2,8].

Pro diagn6zu mnohocetného myelomu je nutno splnit v§echna t¥i kritéria:

1) V kostni dfeni jsou pfitomny klonalni plazmocyty a (nebo) biopsie kostni dfen¢ prokazala
plazmocytom

2) Je ptitomen monoklonalni imunoglobulin v séru a (nebo) v moci

3) Je pfitomna nejméné jedna dysfunkce ¢i poSkozeni organu zpisobené mnohocetnym
myelomem:
* (C - calcium) zvysena hladina kalcemie nad 2,75 mmol/l nebo o 0,25 nad normalni limit
* (R - renal) renalni insuficience s kreatininem nad 176,8 pmol/l
* (A -anemia) anémie, hemoglobin pod 100 g/l nebo 20 g/l pod dolni limit
* (B — bone) lyticka kostni loziska nebo osteopordza s kompresivnimi frakturami (vétSinou
vyzaduje kostni denzitometrii a prokazani patologické infiltrace pomoci MR nebo CT
vySetfeni)
* Dalsi s myelomem a gamapatii souvisejici nalezy: symptomaticka hyperviskozita,

amyloido6za, opakujici se bakterialni infekce (> 2 epizody za 12 mésict)

Plazmocelularni  leukemie (PCL) je jedna =z nejagresivnéjSich forem
monoklondlnich gamapatii. Je povazovana za agresivni variantu mnohocetného myelomu

s incidenci 0,04/100 000 obyvatel evropské populace [1]. Primérna doba pieziti je
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pocitana v mésicich. Pro PCL je typicka ptitomnost cirkulujicich malignich plazmatickych
bunék v periferni krvi. Jednim typem PCL je tzv. primarni PCL, kterd se vyskytuje ,.de
novo*, tedy u pacientii, ktefi nebyli diive diagnostikovani s mnohocetnym myelomem.
Tento typ plazmocelularni leukemie se vyskytuje Castéji, pfevazné¢ u mladsich pacientt.
Druhy typ, sekundarni PCL, se vyskytuje u pacienti s jiz diagnostikovanym mnohocetnym
myelomem a jedna se tedy ve vétSin€ pripada o refrakterni termindlni stav [9].

Primarni plazmocelularni leukemie se li§i od sekundérni PCL jak cytogenetickymi
tak molekularnimi ndlezy [10]. Prvni ptfipad primarni PCL byl popsan Gluzinskim a
Reichensteinem v roce 1906 [11]. Jednalo se o 47letého muze s frakturou Zeber, bolestmi
kosti, anémii a zvétSenou slezinou. Mo¢ obsahovala velké mnozstvi proteinti. V krevnim
natéru byly identifikovany erytroblasty a nezralé vicejaderné plazmatické buiiky. Pocet
leukocytii byl stanoven na 39,4x10°, z toho 91 % tvotily plazmatické buriky.

Kritériem pro diagnézu plazmocelularni leukemie je pocet plazmatickych bunck
v periferni krvi prekradujici 20 % a celkovy pocet plazmocytii nad 2x10%/1[12,13]. Jiz delsi
dobu jsou diskutovany zmény tykajici se snizeni téchto hodnot, pfipadné¢ by meéla byt
dostatecnym kritériem pro diagnézu pouze jedna podminka. Pfitomnost samotnych
cirkulujicich plazmocytt v periferni krvi nemusi byt vzdy ptiznakem plazmocelularni
leukemie, ale miiZe se téZ jednat o nemaligni plazmatické bunky vyskytujici se pii zavazné
sepsi €1 infekéni mononukledze [14]. V tomto pifipadé je nutné odliSit monoklondlni bunky
od polyklondlnich napf. pomoci pratokové cytometriec a vyloucit tak jiné
lymfoproliferativni onemocnéni. Median véku pii stanoveni diagndézy je u primarni
plazmocelularni leukemie ptiblizn€ 55 let na rozdil od myelomu, kde jsou diagnostikovani
pacienti v priméru o 10 let starSi [15,16]. Hlavnimi pfiznaky plazmoceluldrni leukemie
jsou bledost, dusSnost, unava zdGvodu anémie, krvacivé projevy vyplyvajici z
trombocytopenie, pleurdlni vypotek atd. Osteolyticka loZiska se vyskytuji méné ¢asto nez u

myelomu [2].

111 Chromozomalni aberace MM a PCL

Myelomové buinky vykazuji cetné cytogenetické aberace, které jsou Iépe
detekovatelné metodou fluorescenéni in sifu hybridizace (FISH) nez klasickym
cytogenetickym vySetfenim. Ve vétSin¢ piipadd chromozomalnich aberaci se jedna o
hyperdiploidii, to znamend, Ze v myelomovych bunkach se nachazi vice nez 46
chromozomt, v mensi mite se pak vyskytuje hypodiploidie, kterd je vSak spojovana s horsi

prognoézou pacientii [17]. U primarni PCL se vSak hyperdiploidie vyskytuje pouze u 0 %-
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8,8 % ptipadu [15,18], zatimco u nove diagnostikovanych pacientti s MM je to okolo 50 %
[19]. U PCL byl zjistén zvySeny vyskyt cytogenetickych aberaci ve srovnani s MM.
Typické numerické aberace zjistené u PCL jsou monosomie 13, zmény chromozomu 1,
trisomie 18 a monosomie X u Zen [20]. Cetné numerické aberace byly také zjistény u MM
a to predevSim trisomie 1, 6, 9 a 15. Monosomie 13, ktera je spojovdna se Spatnou
prognoézou, se vyskytuje castéji u pacienti s PCL oproti MM, naopak trisomie 9 a trisomie
6 mizeme pozorovat predev§im u pacienti s MM [20]. NejcastejSimi strukturnimi
aberacemi MM a PCL jsou chromozomové translokace zahrnujici lokus pro tézky fetézec
imunoglobulinu (IgH) na chromozomu 14 v oblasti 14q32. Mezi né patii nejcastéji se
vyskytujici translokace t(4;14)(p16;q32) a t(11;14)(q13;932), dale pak t(14,16)(q32;923) a
t(14;20)(q32;q12). Pacienti s translokaci t(11;14) maji pifiznivéj$i progndzu, ostatni
translokace jsou ve vétSin¢ ptipadi spojovany s horSim priabéhem onemocnéni [21-23].
Aberace chromozomu 1 jako delece 1p a zisk 1q patii mezi dalsi strukturni aberace typické
pro MM. DalSim dilezitym prognostickym faktorem MM je delece dlouhych ramen
chromozomu del(13q) a delece del(17p) [22]. Nejdulezitéjsi genetické zmény u MM jsou

zndzornény na obrazku 1.
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Obr. 1 — Grafické zobrazeni nejdileZzitéjSich genetickych zmén u MM. Ilustrativni
obrazek znazornujici chromozomy a jejich nejcastéjsi pocetni a strukturni zmény vcéetné
mutaci v jednotlivych genech u pacientti s MM. Pievzato z [24].

1.1.2 Imunofenotyp MM a PCL

Urceni fenotypu plazmatickych bunck slouzi pfedev§im pro identifikaci a
charakterizaci malignich buné€k, stanoveni prognostickych markert, detekci minimalni
rezidudlni nemoci (MRN) a v neposledni fadé¢ miize i zabranit uréeni falesné diagnézy
MM. Na =zaklad¢ urceni fenotypu Ize také navrhnout cilenou terapii s vyuzitim
monoklondlnich protilatek. Za markery plazmatickych bunék jsou povazovany molekuly
CD38 a CD138 (syndecan-1), kter¢ 1ze snadno identifikovat pomoci priitokové cytometrie.
Molekula CD138 patfi do rodiny transmembranovych heparan-sulfatovych proteoglykanti

a zajiStuje interakce s extracelularni matrix. CD38 je panleukocytarni antigen, jehoz
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exprese je u malignich plazmatickych bun€k niz§i nez u normalnich plazmatickych bunck.
Oba tyto znaky jsou exprimovany jak u zdravych, tak také u neoplastickych plazmatickych
bunék. K odliSeni polyklondlnich plazmatickych buné€k, které se nachazeji ptirozené
v kostni dfeni, od monoklondlnich neexistuje jednoznacny parametr a je tedy nutné
stanovit vice znakd. Maligni plazmatické buiiky se vyznacuji ztratou ¢i nizkou expresi
molekul CD19 a CD27. Slabé jsou exprimovany také CD38 a CD45, naopak zvySenou
expresi mizeme pozorovat u molekul CD28, CD33 a CD56 [25]. V pribéhu diferenciace
dochazi ke ztrat¢ znaku CDA45, ktery jiz na zralych plazmatickych buiikdch nebyva
exprimovan, jeho exprese vSak miize byt zachovdna u cirkulujicich ¢i reaktivnich
normalnich plazmatickych bunék. Sub-populaci CD45 pozitivnich bunék mtzeme také
nalézt v kostni dfeni pacientd s MM [26,27]. Fyziologické plazmatické buiky exprimuji
CD27, jehoz exprese je u malignich plazmatickych bunék snizena. Molekula CD56, ktera
je povazovana za marker NK (z angl. natural killer, pfirozeny zabije¢) bunck, je ve
zvySené mife exprimovana u vétsiny pacientli s noveé diagnostikovanym MM [28].

Zvysenou expresi specifického markeru T-bun¢k CD28, ktery neni exprimovan u
normalnich plazmatickych bunék, miizeme pozorovat u zhruba poloviny pfipadi MM a
témét vSech myelomovych bunéénych linii [29]. Exprese CD28 koreluje s progresi
onemocnéni [30]. Ztrata exprese markeru B-bunék CDI19 je povazovana za
charakteristicky znak myelomovych bunék, pfesto mizeme nalézt kromé¢ CDI19
negativnich 1 CD19 pozitivni myelomové buiiky [3]. Antigen CD33, ktery je exprimovan
na povrchu myeloidnich bun¢k, mizeme detekovat na povrchu malignich plazmatickych
bunék. Dle studie Sahara a spol. [32] maji CD33 pozitivni pacienti zvySenou hladinu B2-
mikroglobulinu a laktatdehydrogenazy a vyssi riziko anemie a trombocytopenie. Mezi
dalsi aberantné exprimované znaky patii B-lymfocytarni marker CD20 a CD117 (c-kit).

Fenotyp cirkulujicich plazmatickych bun€k je odliSny od plazmatickych bunék
v kostni dfeni pacienti s MM. Rozdilné jsou exprimovany antigeny CD9, CD20, CD71,
CD117, a HLA-DR. Nadorové buniky u primarni PCL castéji exprimuji CD20, CD45,
CD19, CD27 a CD23 [33]. Charakteristickym znakem PCL je také absence ¢i snizena
exprese adhezni molekuly CD56 a LFA-1 (leukocyte function-associated antigen-1).
Absence CD56 ¢i LFA-1 vede ke snizené schopnosti myelomovych bunék vazat se na
stromdlni buiiky kostni dfen¢ [34]. Antigen B-bun¢k CD20 je exprimovan u zhruba 50 %
PCL ve srovnani s MM, kde byla zjisténa exprese u 17 % pitipadii [35].
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1.1.3 Lécba MM a PCL

Diky autologni transplantaci krvetvornych bun¢k a zavedeni novych lé¢ebnych
reziml se zvySila kvalita zivota pacientl a celkova doba pteziti, presto jsou MM a PCL
stadle povazovany za nevylécitelnd onemocnéni. U vétSiny pacientd dojde k opakovanym
relapsim nemoci, které jsou jiz hife ovlivnitelné 1écbou. LéEba myelomu se zahajuje pii
zjiSténi subjektivnich ptiznakli nemoci nebo pii poskozeni organt a tkani (viz tabulka 2).
Chemoterapie neni indikovana u pacienti s MGUS nebo u pacientll s doutnajici nebo
indolentni formou MM. U téchto pacienti se doporucuje pravidelné kontrolovani a
oddalovani zahajeni lécby az do prvnich piiznaki nemoci. PredCasné zahajeni
chemoterapie neprodluzuje celkové preziti, naopak mize vést k indukci sekundarniho
myelodysplastického syndromu. Radiograficky priikkaz alespont jednoho osteolytického
loziska nebo jiny prikaz aktivnich osteolytickych zmén je diivodem k zahéjeni 1écby 1
pfesto, Ze pacient nema zadné subjektivni potize [2].

Soucasna lécba zahrnuje vysokodavkovanou chemoterapii s autologni transplantaci
kmenovych bun¢k. Tato lé€ba je vhodnd pro pacienty, ktefi spliuji urcita kritéria jako
napt. vék < 65 let, neptitomnost zdvazné¢ho srdecniho i plicniho onemocnéni atd. Indukéni
pfedtransplanta¢ni 1é¢ba se skladd zjednoho ¢i nckolika lécebnych reziml. Diive
standardni indukéni rezim VAD (vinkristin, doxorubicin, dexametazon) byl postupné
nahrazen reZimem se za¢lenénim novych Ié€iv, jako jsou inhibitor proteazomu bortezomib
¢i imunomodulacni latky jako napft. thalidomid a lenalidomid, v kombinaci s kortikoidem,
pfipadné i s nekterymi klasickymi chemoterapeutiky. Podava se také cyklofosfamid a
melfalan ¢i kombinace melfalanu s bortezomibem. Melfalan by nemél byt podavan
pacientiim ptfed sbérem kmenovych bunék [36,37]. Indukéni chemoterapie zakoncena
alogenni transplantaci krvetvornych buné€k je zatizena vysokou mortalitou a je tedy vhodna
pouze pro vybrané pacienty.

Konvenéni chemoterapie bez transplantace kmenovych bunék je indikovana u
pacientii starSich 65 let nebo pacientli, ktefi nespliiuji kritéria pro vysokodavkovanou
chemoterapii s transplantaci kmenovych bunék. V soucasné dobé je pro star$i pacienty
standardnim 1é¢ebnym postupem rezim zahrnujici kombinaci bortezomibu, melfalanu a
prednisonu (VMP), dale se uplatituje rezim zahrnujici kombinaci melfalanu, prednisonu a
thalidomidu (MPT) ¢i kombinace cyklofosfamidu, thalidomidu a dexametazonu (CTD),
které jsou mnohem ucinnéjsi nez dfive pouzivané kombinace melfalanu s prednisonem

nebo cyklofosfamidu s prednisonem [38].
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1.1.3.1 Nové léky v Iécbé MM a PCL

Vyvoj novych 1€kt piinesl zna¢né zlepsSeni celkového stavu pacienta a prodlouzil
celkovou dobu preziti. Podle mechanizmu u¢inku mizeme léky rozdélit do nckolika
skupin: inhibitory proteazomu, imunomodula¢ni latky, inhibitory histondeacetylaz,
inhibitory tyrozinkindz, inhibitory signalnich drah ¢i monoklonalni protilatky. Nékteré
latky jsou stale ve fazi klinickych testd nebo vyvoji. Soucasna 1é€ba je zamétena cilené na
mechanizmus rUstu a pfezivani nadorovych bunck a zasahuje také do interakci
myelomovych bunck s mikroprosttedim kostni diené. Tyto léky se pouzivaji jak
v monoterapii, tak v kombinaci se standardné pouzivanymi kortikosteroidy a cytostatiky
[39].

Mezi nové ucinné Iéky v 1écbé myelomu miZeme zafadit naptf. inhibitor
proteazomu bortezomib a imunomodula¢ni latky jako thalidomid a lenalidomid.
Thalidomid mé& imunomodula¢ni G¢inek, stimuluje proliferaci a aktivitu T-buné€k, inhibuje
tvorbu TNF-a (faktor nddorové nekrdzy alfa), indukuje apoptéozu a inhibuje rlst
myelomovych bunék, zvySuje produkei interleukinu-2, ma antiangiogenni ucinek a pisobi
také na stromalni buiky. Jeho pouziti je z divodu jeho teratogenniho Uc¢inku spjato s
velkymi bezpe¢nostnimi opatfenimi [36,40].

Lenalidomid je 1¢k odvozeny od thalidomidu s vy$§im imunomodula¢nim u¢inkem.
Lenalidomid tlumi angiogenezi, snizuje syntézu TNF-o, stimuluje proliferaci T bunck,
inhibuje proliferaci, indukuje apoptdzu a snizuje také adhezivitu myelomovych bunck [41].
Lenaledomid ma stejn¢ jako thalidomid teratogenni Gi¢inky a pfi jeho pouziti je nezbytné
dodrzovat stanoveny bezpecnostni program.

Pomalidomid je novd imunomodulacni latka, ktera se jiz pomalu dostdva do
standardni 1écby. Pomalidomid mad imunomodulacni, antiangiogenni G¢inek a ovliviiuje
také mikroprosttedi kostni dien¢ [42].

Bortezomib je selektivni inhibitor proteazomu pouzivany v kombinaci s ostatnimi
lécivy. Uplatiiuje se ve vsech fazich 1écby, vétSinou v prvni linii pted ASCT 1 u pacientl
nevhodnych k transplantaci. Bortezomib inhibuje proliferaci a indukuje apoptézu
myelomovych buné€k, tlumi angiogenezi a expresi cytoadhezivnich molekul. Bortezomib
dale ovliviiuje mikroprostfedi kostni diené a inhibuje nuklearni faktor kappa B (NFkB),
ktery zvySuje ptezivani nadorovych bunck [43].

DalSim lékem schvalenym americkym ufadem pro kontrolu Ié¢iv a potravin (Food
and Drug Administration, FDA) pro 1é¢bu myelomu je inhibitor proteazomu carfilzomib.

Je indikovén pfedev§im u pacientt, ktefi neodpovidaji na 1é¢bu [44]. Mezi dalsi inhibitory
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proteazomu, které jsou vriznych fazich klinického testovani, mizeme zminit napf.
ixazomib a marizomib [39].

Monoklonalni protilatky jsou rychle se rozvijejici skupinou latek v 1écbé
nadorovych onemocnéni. V soucasné dobé jsou monoklondlni protilatky pro 1ébu
mnohocetného myelomu ve fazi klinick¢ého testovani. Pfikladem je siltuximab, lék
schvaleny k 1é€bé multicentrické formy Castlemanovy choroby. Jednd se o chimerickou
monoklondlni protilatku proti IL-6, coz je kliCovy faktor podporujicirist a prezivani
myelomovych bunék [45]. Siltuximab byl testovan proti riznym typtim nadort véetné non-
Hodgkinova lymfomu a mnohocetného myelomu [46]. Mezi dal$i monoklondlni protilatky,
které jsou ve fazi klinického testovani, patii elotuzumab vazici se na glykoprotein
specificky pro plazmatické bunky, dale daratumumab namifen proti antigenu CD38
nachézejicim se na povrchu plazmatickych bunck a dalsi [39].

Mezi dalsi latky, které jsou ve fazi klinického testovani, patii inhibitory HSP90
(heat shock protein 90). HSP90 patii do skupiny chaperont. Chaperony jsou proteiny,
které pomahaji skladat dalSi proteiny, stabilizuji jejich konformaci a zabraiuji vzniku
nefunkénich proteinovych komplexi. Pfi jejich nespravné funkei dochazi k akumulaci
nesbalenych nebo Spatné sbalenych proteinii a aktivaci UPR (Unfolded Protein Response)
signalni drdhy. Tanespimycin je piikladem inhibitoru HSP90, ktery byl testovan
v kombinaci s bortezomibem a dexametazonem u pacientti s MM [47,48]. Mezi dalsi latky,
které jsou studovany, mizeme zminit Akt inhibitory, mTOR inhibitory ¢i inhibitory

histondeacetyldz, které jsou podrobnéji popsany v kapitole 1.3.2.3.

1.2 MIKROPROSTREDI KOSTNI DRENE

Mikroprosttedi kostni dfené¢ (BMM, z angl. bone marrow microenvironment) hraje
velkou roli v patogenezi MM a PCL a jeho ochranny vliv na transformované buiky je
Casto priCinou rezistence k 1é€bé [49]. Mikroprostiedi kostni dien¢ se skladd z proteint
extracelularni matrix, mezi které patii kolagen, laminin, fibronektin, vitronektin, elastin,
dale pak proteoglykany a glykosaminglykany. Sou¢asti BMM jsou také nehematopoetické
bunky, mezi které patfi stromdalni bunky kostni diené, osteoblasty, osteoklasty,
mezenchymalni kmenové bunky, tukové buiky a dalsi [50]. Dalsi slozku BMM tvoii
cytokiny, ristové faktory, adhezivni molekuly a dalsi faktory, které jsou produkovany

bunikami v kostni dfeni (Obr. 2).
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Obr. 2 — Mikroprostiedi kostni diené mnohocetného myelomu. Myelomové buniky
interaguji se stromalnimi buiikami kostni dfené a extracelularni matrix prostfednictvim
adhezivnich molekul, ¢imZ je podporovéano vyluovani cytokint a rastovych faktorti, coz v
kone¢ném dusledku vede k riistu a prezivani myelomovych bunék. Prevzato z [51].

1.21 Adhezivni molekuly

Adhezivni molekuly umoziiuji pfimou interakci myelomovych bunék s BMM, jako
je napt. vazba myelomovych bunék k bunikam stromatu, interakce bunék s proteiny ECM a
bun€k navzédjem a hraji tak dilezitou roli v rozvoji onemocnéni. Interakci myelomovych
bunék s BMM je stimulovana tvorba riznych cytokini a rastovych faktora [52,53].
Adhezivni molekuly maji také vliv na usidleni a zadrzovani malignich bunék v kostni
dfeni. Mezi adhezivni molekuly, které muzeme detekovat na povrchu malignich
plazmatickych  bun¢k, patii syndekan-1 (CD138), H-CAM (CD44), VLA-4
(CD49d/CD29), ICAM-1 (CD54), N-CAM (CD56) a LFA-3 (CDS58) [54]. Predchozi
studie naznacuji, ze syndekan-1, specificky marker myelomovych bunck, se vaze na
kolagen typu 1 a jeho exprese byla detekovana na myelomovych bunkach s fenotypem
CD19 a CDA45" [55]. Déle bylo zjisténo, ze syndekan-1 reguluje rist nddorovych bunék i
diferenciaci kostnich bunc¢k [56]. Molekula CD44 je zodpovédna =za interakci

myelomovych bun¢k s hyaluronanem a jeji exprese je ovlivnéna IL-6 [57].
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1.2.2 Stromalni bunky kostni dfené a proteiny ECM

Stromalni buiiky kostni dten¢ (BMSCs) jsou popisovany jako heterogenni populace
mezenchymalnich bunék s morfologii podobnou fibroblastim. Adheze myelomovych
bunék k BMSCs prostfednictvim riznych adhezivnich molekul vede k produkci cytokinti a
ristovych faktord a aktivaci vnitfnich signalnich drah, coZ v kone¢ném disledku vede
k proliferaci a pfezivani myelomovych bunék. Stromélni buiiky jsou schopny chrénit
myelomové buiiky pfed apoptdézou indukovanou dexametazonem, jak dokladaji nékteré
studie [58,59]. Kultivace stromalnich bunék pacienta s MM s myelomovymi bunikami
oSetfenymi bortezomibem vede k aktivaci drahy NF-kB (nuclear factor-kappa B) a ke
zvySeni rezistence k bortezomibu [60]. Kromé¢ stromalnich bunék i samotnd adheze
myelomovych bun¢k k proteinim ECM zplsobuje, ze buiiky jsou vice chranény pied
apoptozou. Bylo zjisténo, Ze interakci myelomovych bunék s fibronektinem jsou bunky
vice chranény pted ucinky doxorubicinu a melfalanu [61]. Ochranné ucinky proti apoptdze
indukované léky ma i dalsi protein ECM vitronektin, jehoz adheze k myelomovym
bunkam aktivuje signalni drahu Notch, kterd ma vyznamny vliv na proliferaci, diferenciaci

a apoptdzu bunék [62].

1.2.3 Interleukin-6

Interleukin-6 je produkovén riznymi typy bunék vcetné nddorovych. Je povazovan
za nejdilezitéj$i rustovy faktor u mnohocetného myelomu, ktery umoziuje piezivani
malignich bun¢k a inhibuje apoptdézu indukovanou léky [63]. IL-6 mize byt produkovan
samotnymi plazmatickymi buitkami (autokrinni produkce), primarné je vSak produkovan
stromdlnimi buiikami kostni difené (parakrinni produkce) [64-66]. Bylo prokazéano, ze
sekrece IL-6 je stimulovana adhezi myelomovych bun¢k ke stromalnim bunkdm kostni
dfené nebo prostiednictvim jinych cytokint [67,68]. Plisobenim IL-6 dochazi ke stimulaci
angiogeneze a aktivaci nékolika signalnich drah, jejichz Cinnost ovliviiuje proliferaci a
apoptozu myelomovych bunék. V soucasné¢ dobé je jasné, Ze za proliferaci a pfezivani
myelomovych bunék neni odpovédny jediny cytokin, ale mnoho dalSich faktort, které jsou
produkovany mikroprostfedim kostni diené. Mezi né patii napf. VEGF (vascular
endothelial growth factor), IGF-1 (insulin-like growth factor 1), IL-21 (interleukin-21) a
dalsi [69].
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1.2.4 Signalni drahy aktivované interakci mikroprostiedi kostni drené

s myelomovymi bunkami

Interakci myelomovych bunék s mikroprostfedim kostni dfen¢ dochazi k aktivaci
nékolika signalnich drah (Obr. 3), které podporuji proliferaci malignich bunék, stimuluji
angiogenezi a osteoklastogenezi. Signdlni drdha JAK/STAT (janus kinase/signal
transducers and activators of transcription) podporuje rust a piezivani myelomovych
bunék. Pasobenim IL-6 dochazi ptes JAK2 k fosforylaci STAT3, ktery aktivuje transkripci
antiapoptotickych gen. Bylo zjisténo, Zze STAT3 je permanentné aktivovan
v myelomovych bunikach a inhibici drahy JAK/STAT dochézi k indukci apoptozy [70,71]
IL-6 je zodpovédny za aktivaci dalSich drah, které stimuluji proliferaci myelomovych
bunék. Signalni draha PI3K/Akt reguluje bunéény cyklus a apoptdzu a podporuje piezivani
myelomovych bunék. Kromé IL-6 je tato draha aktivovana také IGF-1 (insulin-like growth
factor 1) [72]. IGF-1 je jednim z dalSich dulezitych riistovych faktori u MM. Tento
cytokin je zodpovédny za proliferaci, rist a prezivani myelomovych buné€k, ochranu pied
apoptozou a také umoziuje jejich migraci [73,74]. Interakci myelomovych buné¢k
s mikroprostfedim kostni dfené dochézi k aktivaci Ras/MAPK, dalsi drahy dilezité pro
prezivani myelomovych bunék a to mechanizmem nezavislym na IL-6. Tato signalni draha
miize byt kromé¢ BMM také permanentné aktivovana pifitomnosti mutace onkogenu Ras.
[70]. Draha NF—«B je obecné¢ dilezita pro proliferaci a prezivani nddorovych bunck. U
MM je draha aktivovana nckolika faktory véetné IL-6 a TNFa [75]. Bylo zjiSténo, ze NF—
kB je permanentné aktivovan u primarnich myelomovych bun€k a inhibici tohoto

transkripéniho faktoru je indukovéana apoptdza [76].
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Obr. 3 — Signalni kaskady u mnohocetného myelomu. Vazbou IL-6 na jeho receptor je
spuSténa signdlni dradha MAPK (mitogen-activated protein kinase), PI3K/Akt
(phosphatidylinositol-3 kinase/Akt) a JAK/STAT3 (janus kinase/signaling transducer and
activator of transcription 3) signalni drdha; VEGF (vascular endothelial growth factor)
spousti MAPK a IGF-1 (insulin like growth factor-1) spousti MAPK a PI3K/Akt signalni
drahu. Pfevzato z [51].

1.3 EPIGENETICKE MECHANISMY

Mezi epigenetické mechanismy mizeme zatadit takové procesy, které dédicné
ovlivityji expresi gentll, aniz by dochdzelo ke zméné primarni struktury DNA. Piikladem
mohou byt rtizné posttranslaéni modifikace histonti (acetylace, metylace, fosforylace,
ubiquitinace nebo sumoylace) ¢i metylace DNA. Dalsi dilezitou epigenetickou regulaci je
RNA interference, pti které¢ dochazi k ovlivnéni transkripce i translace pomoci kratkych
molekul RNA. Aberantné snizena exprese genil vlivem hypermetylace DNA ¢i deacetylace

histontl je pozorovéana u vétSiny nddorovych onemocnéni.

1.3.1 Metylace DNA

Metylace DNA se vyznamné podili na celé tad¢ dilezitych procesi, jako je
inaktivace chromozomu X, genomovy imprinting ¢i regulace genové exprese [77]. Genova

exprese muze byt ovlivnéna jednak zabranénim pfistupu transkripcnich faktord, ale 1
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vazbou inhibi¢nich komplextl, které obsahuji histondeacetylazy a dalsi faktory, které vedou
k ptfestavbé chromatinu do inaktivni podoby. K metylaci dochazi na cytosinu
v dinukleotidu CpG za katalyzy DNA metyltransferazy. Oblasti, kde se CpG dinukleotidy
vyskytuji s vysokou frekvenci, se nazyvaji CpG ostrivky. Tyto ostrivky se vyskytuji
predev§im v promotorovych tusecich genti [78]. Hypermetylace v promotorové oblasti
nadorové supresorovych gentl je pficinou jejich utlumeni a nekontrolovaného rastu bungk.
Nékolik studii potvrdilo, Ze DNA metylace mé za pfi¢inu utlumeni genti v riznych typech
nadort [79]. Chemicky analog cytidinu 5-azacytidin je latka s cytotoxickym ucinkem,
kterd byla piivodné zkouSena u akutnich leukemii. Kromé cytotoxického uc€inku byl
pozdéji objasnén dals$i mechanizmus G¢inku, kterym je inhibice DNA-metyltransferazy. 5-
azacytidin je indikovan u pacientd s myelodysplastickym syndromem a dale u pacientt
s chronickou myelomonocytarni leukemii (CMML) a akutni myeloidni leukemii (AML)
[80]. Cytotoxicky ucinek 5-azacytidinu byl také testovan na myelomovych bunécnych
liniich a pacientskych myelomovych buiikdch a to jak v monoterapii, tak v kombinaci

s ostatnimi [éCivy [81].

1.3.2  Acetylace histont

Jednim z dalSich vyznamnych regula¢nich mechanismi je acetylace lysinovych
zbytkli v molekule histonu, ¢imz dochéazi k odstranéni pozitivniho naboje histont a jejich
naslednému uvolnéni z vazby s elektronegativni DNA. VIdkno DNA je tedy vice
rozvolnéné a ptistupné pro transkripéni faktory (Obr. 4). Kromé aktivace transkripce je
acetylace histonl spjata s dal§imi procesy, jako je naptiklad replikace ¢i oprava DNA [82].
Deacetylaci histonti dochdzi naopak k vazbé mezi DNA a histony a kondenzaci
chromatinovych struktur, ¢imz se chromatin stdva nepfistupny pro transkripcni faktory
[83]. Acetylace a deacetylace histonu je katalyzovana histon acetyltransferdzou a

histondeacetylazou.
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Obr. 4 - Acetylace histonii vedouci k ovlivnéni genové exprese. Acetylace a
deacetylace histont je katalyzovéana histon acetyltransferazou (HAT) a histondeacetylazou
(HDAC). Acetylace histonli zptsobuje dekondenzaci chromatinu, coz vede k aktivaci
transkripce. Deacetylaci histoni dochazi ke kondenzaci chromatinovych struktur, ¢imz se
chromatin stava neptistupny pro transkripcni faktory a je potlatena exprese genll. Vlozeny
obrazek je nukleozom tvofeny osmi histony, obto¢enymi €asti vldkna DNA o délce 147
pari bazi. Prevzato z [84].

1.3.2.1 Histon acetyltransferazy

Histon acetyltransferazy (HAT) jsou enzymy, které ptrenaseji acetylovou skupinu
z acetylkoenzymu A (acetyl-CoA) na g-aminoskupinu lysinu v histonu. HAT mohou také
acetylovat proteiny nehistonové povahy jako jaderné receptory a dalsi transkripéni faktory.
Existuji dvé hlavni tfidy HAT: HAT typu A a HAT typu B [85]. HAT typu A se nachézeji
vjadfe a jsou zodpovédné za acetylaci histonli v chromatinu. HAT typu A jsou
charakteristické svou bromodoménou, kterd je schopna vazat acetylované zbytky lysinu na
N-termindlnich koncich histonti [86]. Prikladem HAT typu A jsou GCNS, p300-CBP a
TAFII250. HAT typu B jsou lokalizovany v cytoplasmé a acetyluji nové vznikajici histony
pted jejich zalenénim do chromatinu [87]. Mezi HAT typu B patii histon
acetyltransferaza 1 (HAT1), kterd acetyluje histon H4 na lysinu 5 a lysinu 12. HATI je
soucasti multiproteinového komplexu obsahujiciho histon acetyltransferazu 2 (HAT2) a
podjednotky CAF1 (chromatin assembly factor 1), které se podileji na sestavovani
chromatinu. Dle sekven¢ni homologie, strukturni podobnosti a spole¢nych funkci délime

HAT do nékolika rodin. Mezi nejznaméjsi patii rodina GNAT (GCNS-related N-
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acetyltransferases), MYST a P300/CBP. Rodina GNAT je charakteristickd bromodoménou
a svoji schopnosti acetylovat histony H2B, H3 a H4. Pro rodinu MYST je typicka

chromodoména a proteinovy motiv zinkovy prst. HAT rodiny MYST acetyluji histony
H2A, H3 a H4 [88].

1.3.2.2 Histondeacetylazy
Histondeacetyldzy (HDAC) katalyzuji deacetylaci aminoskupiny lysini v N-

termindlni ¢asti histoni. HDAC mohou také katalyzovat deacetylaci proteinii nehistonové
povahy. Piikladem mohou byt n¢které transkripéni faktory, medidtory signalni transdukce,
enzymy podilejici se na opravé DNA a dalsi [89].

U lidi bylo identifikovano 18 HDAC, které rozdélujeme do ctyt tiid (I — IV) na
zakladé¢ jejich homologie s proteiny kvasinek. Do I. tfidy patii HDAC1, HDAC2, HDAC3
a HDACS. Podle struktury deacetylacni domény rozdélujeme II. tfidu na podtiidu Ila, kam
patii HDAC4, HDACS, HDAC7 a HDACY9 a na podtfidu IIb, kam fadime HDAC6 a
HDACI10. Samostatnou tiidu tvofi HDACI1 (IV tfida). VSechny tyto tfidy obsahuji v
katalytické doméné Zn2+ a jsou oznacovany jako tzv. klasické HDAC. Do III. tfidy fadime
Sir2 rodinu deacetyldz, kterou u savci tvoii sedm sirtuinf, jejichz katalyticky
mechanizmus vyzaduje pfitomnost nikotinamidadenindinukleotidu (NAD") [90]. Tyto
proteiny s HDAC aktivitou se odliSuji od ostatnich tfid tim, Ze jsou rezistentni vici inhibici
trichostatinem A (TSA) a suberoylanilidem hydroxamové kyseliny (SAHA). ZvySena
exprese HDAC byla pozorovana u nékolika nadort véetné MM. Na zdklad¢é sériové
analyzy genové exprese SAGE (serial analysis of gene expression) bylo zjisténo, ze HDAC
1,2,3,5,6,7a 10 se nachazi ve vSech zkoumanych tkanich, zatimco HDAC 4, 8 a 9 jsou

pfednostné exprimovany v nadorovych buiikach [91].

1.3.2.3 Inhibitory histondeacetylaz (HDACI)

Nasledkem deacetylace histonit DNA dochazi k patologicky snizené expresi fady
genll pozorované¢ u vétSiny nddorl. Inhibitory histondeacetyldz inhibuji enzymovou
aktivitu HDAC, ¢imz zpisobuji mimo jiné dekondenzaci chromatinu a umoziuji ptistup
transkripénim faktorim. Jednim z dilezitych nasledkti je exprese piivodné neaktivnich
gentl. Inhibici HDAC dochézi také k acetylaci proteini nehistonové povahy, které hraji
dilezitou roli v n€kolika biologickych procesech, jako je genova exprese, bunécna
proliferace, diferenciace, apoptdza €i jiny druh bunécné smrti [92]. Na zaklad€ chemické

struktury rozdélujeme HDACi do nékolika skupin: mastné kyseliny s kratkym fetézcem
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(butyrat, fenylbutyrat, fenylacetat, kyselina valproova), syntetické derivaty benzamidu
(MS-275, CI-994, N-acetyldinalin), cyklické tetrapeptidy/epoxidy (chlamydocin, trapoxin,
apicidin, HC-toxin) a hydroxamové kyseliny (pyroxamid, TSA, SAHA).

V soucasné dob¢ jsou HDACI testovany proti riznym typtim malignit véetné MM,
obvykle v kombinaci s ostatnimi pouzivanymi 1éCivy a vétSina HDACi se nachézi
v nékolika klinickych studiich [39]. Bylo zjisténo, ze HDACi indukuji apoptdzu, zpiisobuji
zastavu bunécného cyklu a indukuji diferenciaci u mnoha typt nadori [93]. Mezi HDAC;,
které jsou v soucasné dob¢ pouzivané v klinické praxi, miizeme zaradit Vorinostat (SAHA,
Zolinza®), ktery byl roce 2006 uzndn FDA jako 1€k pro terapii kozniho T-bunécného
lymfomu, a panobinostat (Farydak®), ktery je v kombinaci s bortezomibem a
dexametazonem urcen k 1écbé dospélych pacientl s relabujicim a/nebo refrakternim
mnohocetnym myelomem [94]. SAHA byla testovana in vitro u mnoha typt nadorti véetné
MM [95,96]. V soucasnosti je SAHA v nékolika klinickych studiich a to jak v monoterapii,
tak v kombinaci s dal§imi 1é¢ivy bortezomibem, dexametazonem, lenalidomem a dal§imi.
[39].

Kyselina valproova je jiz n€kolik let pouzivana k 1é€bé epilepsie a jako stabilizator
nalady. Kromé antikonvulzivniho u€inku také ptisobi jako inhibitor histondeacetylaz. VPA
indukuje diferenciaci nddorovych bunék, vcetné malignich hematopoetickych bunék,
ovliviiuje riist nddort a tvorbu metastaz in vivo a indukuje apoptdzu u leukemickych bunék
[97,98]. VPA byla testovana pro mozné vyuziti v 1é¢bé myelodysplastického syndromu a
akutni myeloidni leukemie a to jak v monoterapii, tak v kombinaci s ostatnimi 1éCivy
[99,100]. U MM je VPA schopna regulovat bunécny cyklus a indukovat apoptozu, ale i
jiné formy buné¢né smrti [101].

1.4 HEMATOPOETICKE BUNECNE LINIE A JEJICH VYZNAM

Permanentni hematopoetické bunécné linie odpovidaji genotypové a fenotypove
malignim buiikdm pacientl se zhoubnym onemocnénim krvetvorby. Normalni
hematopoetické buniky jsou schopny ptezivat v podminkach in vitro pouze nékolik dnil ¢i
tydnd, naopak bunécné linie jsou adaptovany na podminky in vitro a maji schopnost se
neomezené délit. Za imortalizované buiky, které tvofi permanentni bunééné linie, miizeme
povazovat takové bunky, které se rozdéli vice nez 150-200x nebo jsou-li pfitomny
v kontinudlni bunééné kultufe vice nez rok [102]. Maligni hematopoetické bunécné linie
vznikaji z primarni kultury, to znamena z leukemickych nebo myelomovych bunck

izolovanych z periferni krve nebo kostni diené nemocnych s leukemii nebo myelomem.
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Separované mononukledrni buiky jsou kultivovany ve sklenénych nebo plastikovych
bankach v kultivacnich médiich bez ptitomnosti nebo v pfitomnosti riistovych faktord —
cytokinii — naptf. IL-6 v piipadé¢ myelomovych bunék nebo rekombinantniho faktoru
stimulujiciho tvorbu kolonii granulocytli (G-CSF) nebo granulocytli i monocytt (GM-
CSF) po celou dobu kultivace. Kultivace se provadi zpravidla po nékolik tydnii az mésict,
vzdy do doby, kdy kultura bud’ zanikne, zdiferencuje a nebo z ni vznikne permanentni
bunécné linie. Vznik permanentni linie odvozené od leukemickych nebo myelomovych
bun¢k nemocnych je vZdy ndhodnou a vzacnou udalosti. Navic vzniklé linie nemusi vzdy
pochazet z plvodnich leukemickych a myelomovych bunék nemocného. Kritériem je
obsah genomu viru Epstein-Barrové (EBV), ktery mtize vést ke vzniku B-lymfoblastoidni
bunécné linie, kterd neodpovidd fenotypové MM [102]. Ustavené linie odvozené z
puvodnich leukemickych nebo myelomovych bun¢k exprimuji zpravidla stejné znaky jako
puvodni maligni buniky pacienta. Linie, které vznikly z myelomu, Casto sekretuji nebo
exprimuji v cytoplasmé imunoglobulin stejné tfidy a i stejného idiotypu jako pivodni
myelomové buiiky nemocného. Kazd4 permanentni linie odvozend z nadorovych bunék
nemocného se stavd mocnym ndastrojem k vyzkumu nadorti na bunéné i molekularni
urovni. Na permanentnich leukemickych i nadorovych liniich se testuji nové cilené
protinadorové latky v preklinickych studiich. Ustaveni mySich myelomovych linii
umoznilo vznik hybridomovych linii, které¢ produkuji definované monoklonélni protilatky.
Bunécéné linie slouzi jako neomezeny zdroj bunééného materidlu, coz miizeme zatradit mezi
hlavni vyhody bunécnych linii spolu s celosvétovou dostupnosti bunééného materidlu a
moznosti jejich skladovani v tekutém dusiku. Dalsi vyhodou je nepfitomnost

kontaminujicich normalnich bunék [102].

1.4.1 Historie bunéénych linii

Prvni permanentni bunécné linie byly ustaveny z biopsii nemocnych Burkittovym
lymfomem na zacatku 60. let. Jednalo se o B-lymfoidni linie, u nichz se pozd¢ji podaftilo
objevit virus Epstein-Barové (EBV) [103]. Pozd¢ji se podatilo ustavit dalsi linii CCRF-
CEM, ktera byla odvozena od leukemickych bun€k pacienta s akutni lymfoblastickou
leukemii T bunécéného typu (T-ALL) [104], déle prvni linii odvozenou od plazmatickych
bun¢k pacienta s MM nazvanou RPMI 8226 [105]. Vroce 1968 byla ustavena dalsi
myelomova linie U-266 a to zperiferni krve 53 let¢ého muze s refrakternim MM
v terminalnim stadiu. Linie U-266 byla unikatni tim, ze sekretovala IgEA [106]. V roce
1970 se podatilo ustavit bunécnou linii K562 [107], kterd byla odvozena od leukemickych
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buné¢k pacienta s chronickou myeloidni leukemii (CML) v blastickém zvratu. Pozd¢ji bylo
zjisténo, ze bunky odpovidaji prekurzorovym buitkdm nékolika hematopoetickych
vyvojovych fad. Diky svému fenotypu, chromozomalnim aberacim typickym pro CML a
schopnosti diferenciace se tato linie stala jednou z nejstudovanéjSich, co se ty¢e vyzkumu
maligniho bujeni. V roce 1976 byla ustavena dal$i hojné studovana linie HL-60. Tato linie
byla odvozena od leukemickych bun€k pacienta s akutni myeloidni leukemii a odpovidala
morfologicky promyelocytim a myeloidnim blastim. Linie HL-60 se stala zajimavou
hlavné svou schopnosti diferencovat ptisobenim nékterych chemickych latek [108]. Diky
vyvoji kvalitnich kultivaénich medii s pouZzitim ristovych faktord a cytokinii se podatilo
ustavit mnoho dal$ich linif, které ptfedstavuji vzacné typy akutnich i chronickych leukemii.
V souCasné dobé existuje témét ke kazdému typu leukemie fenotypové odpovidajici

bunééna linie.
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CILE PRACE

charakterizovat  bunéfnou linii UHKT-944 odvozenou od pacienta
s plazmocelularni leukemii, kterou se podafilo ustavit v nasi laboratofi v roce 2010
charakterizovat buné¢nou linii UHKT-893 odvozenou od pacientky s mnohocetnym
myelomem, kterou se podatilo ustavit v nasi laboratofi ve stejném roce jako UHKT-
944. Tato linie byla charakterizovana vramci diplomové prace Mgr. Ireny
Vancurové. Nasim cilem bylo provést dalsi analyzy, které prispély k detailnéjSimu
popisu této linie

zjistit U€inek vybranych inhibitorti histondeacetyldz - SAHA (suberoylanilid
kyseliny hydroxamové) a VPA (kyselina valproovd) na proliferaci a indukci
apoptozy u plazmocelularni linie UHKT-944

zjistit, zda je mikroprostiedi kostni dfen¢ schopno ochranit buiiky linie UHKT-944
pted ptisobenim SAHA a VPA

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

ma za nasledek prezivani a rist myelomovych bun¢k
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3

MATERIAL A METODY

Pouzité metodiky uvedené v prvni Casti této kapitoly slouzily pfedevsim k detailni

charakterizaci ustavené linie UHKT-944. Metody ve druhé casti kapitoly (od

kapitoly 3.2.12) byly pouzity pro studium vlivu HDAC inhibitorl na tuto buné¢nou linii.

Vsechny pouzité chemikalie dosahovaly analytické Cistoty.

3.1

3.1

MATERIAL

A Prehled pouzitych bunéénych linii

CML-T1: bunétna linie nezralych T lymfocytti odvozend od chronické myeloidni
leukemie (CML) v akutni fazi. Pochdzi z némecké sbirky mikroorganismi a
bunéénych kultur (DSMZ, Braunschweig).

JURL-MKI1: ptevazné megakaryocytarni bunécnd linie odvozend od CML v
blastickém zvratu. Pochazi z DSMZ.

Karpas-299: odvozend od anaplastick¢ho velkobunééného lymfomu (ALCL) v
termindlnim stadiu. Pochézi z DSMZ.

JURKAT: bunééna linie nezralych T lymfocytl odvozena od akutni lymfoblastické
leukemie (ALL). Pochazi z Evropskeé sbirky bunéénych kultur (ECACC, Velka
Britanie)

HEL: odvozena od akutni myeloidni leukemie (AML) subtypu M6. Byla ziskana od
Dr. P. Martin, Fred Hutchinson Cancer Research Centre, Seattle, WA, USA

HL-60: odvozend od (AML) subtypu M2. Linie pochidzi od Dr. R. C. Gallo,
National Cancer Institute, Bethesda, USA.

MOLM-7: odvozena od CML v blastickém zvratu. Pochazi od Dr. Y. Matsuo,
Fujisaki Cell Center, Hayashibara Biochemical Laboratories, Inc., Okayama,
Japonsko. Ziskéna Dr. P. Stockbauerem.

KG-1: odvozenda od AML subtypu M6. Byla ziskdana od Dr. Jun Minowada,
Roswell Park Memorial Institute, Buffalo, N.Y., USA.

NALM-16: bunéénd linie prekurzorovych B bunék odvozena od ALL. Byla ziskana
od Dr. Jun Minowada, Roswell Park Memorial Institute, Buffalo, N.Y., USA.
HeLa: odvozend od nddoru dé€lozniho hrdla. Byla ziskdna z Oddéleni bunécné

fyziologie Ustavu hematologie a krevni transfuze (UHKT).
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e UHKT-893: odvozend od mnohocetného myelomu (MM). Ustavend v nasi
laboratofi (UHKT) v roce 2010.
e UHKT-944: odvozend od plazmocelularni leukemie (PCL). Ustavend v nasi

laboratofi (UHKT) v roce 2010.

3.1.2 HDAC inhibitory

e Kyselina valproovd VPA (Cayman Chemicals, USA), 300 mM zasobni roztok v
kultivaénim médiu, pfipravovan vzdy Cerstvy

e Suberoylanilid hydroxamové kyseliny SAHA (Alexis, USA), 40 mM zasobni
roztok v DMSO (Sigma-Aldrich, CR) ve 4 °C

3.1.3 Seznam pouzitych protilatek

e Jak2 (D2E12) XP® Rabbit mAb #3230 (Cell Signaling Technology, USA)

e Akt (pan) (40D4) Mouse mAb #2920 (Cell Signaling Technology, USA)

e pJAK2 (Tyr1007/Tyr1008) (R Rabbit pAb sc-16566-R) (SantaCruz Biotechnology,
USA)

e Phospho-Akt (Ser473) Antibody #9271 (Cell Signaling Technology, USA)

e Phospho-Stat3 (Tyr705)(3E2) Mouse mAb#9138 (Cell Signaling Technology,
USA)

e Phospho-(Ser/Thr) Akt Substrate Antibody #9611 (Cell Signaling Technology, USA)

e Anti-B-Actin antibody, Mouse monoclonal (clone AC-15) A1978 (Sigma-Aldrich, CR)

e Anti-rabbit IgG, HRP-linked Antibody #7074 (Cell Signaling Technology, USA)

e Anti-mouse IgG, HRP-linked Antibody #7076 (Cell Signaling Technology, USA)

3.2 PREHLED METOD

3.21 Izolace a kultivace bunék z kostni difené pacientt

Kostni dienn pacientii byla odebirdna pro rutinni diagnostické ucely na
hematologické klinice ve VSeobecné fakultni nemocnici v Praze a l. lékarské fakulty
Univerzity Karlovy. Tentyz den byla ¢ast vzorku dopravena do UHKT a zpracovana pro
vyzkumné tcely. Mononuklearni buiiky byly ziskdny denzitni gradientovou centrifugaci na
Histopaque® - 1077 (Sigma-Aldrich, USA). Buiky byly kultivovany v25 cm?
plastikovych kultivacnich lahvich pro suspenzni builky a v 50 ml sklenénych
Erlenmeyerovych baikach v médiu RPMI-1640 (Biochrom, Némecko) s L-glutaminem,
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které¢ bylo obohaceno 10% fetalnim telecim sérem (Biochrom), rekombinantnim IL-6 (1
ng/ml; Invitrogen, USA) a antibiotiky penicilinem (100 U/ml; Sigma-Aldrich) a
streptomycinem (100 pg/ml; Sigma-Aldrich). Bunééné kultury byly uchovavany
v inkubatoru pfi 37 °C a 5% CO2. Médium bylo ménéno dle potieby, zpravidla jednou az
dvakrat tydné.

3.2.1.1 Vzorek kostni drfené ¢. 944

Vzorek kostni diené byl ziskdn od 55letého muze, ktery trpél tinavou a bolesti
kosti. V ¢ervnu 2010 byla pacientovi diagnostikovana primarni plazmocelularni leukemie

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

3.2.2 Méreni bunééné proliferace, viability a morfologicka charakterizace
Morfologie plazmatickych bun€k byla ur€ena z cytospinovych preparati, které byly
barveny dle Giemsy. Z kultiva¢nich nddobek bylo odebrano 200 pl bunééné suspenze,
ktera byla dle potieby nafedéna fosfatovym pufrem (phosphate buffered saline, PBS),
nasledovala centrifugace na cytospinové centrifuze Cytospin 2 (Shandon) pti 800 rpm/10
min. Druhy den byly bunky na podloznim sklicku fixovany a nasledné barveny
Giemsovym cinidlem. Hotové preparaty byly pozorovany pod mikroskopem (Nikon
Alphaphot 2). Ke snimani fotografii byl pouzit fotoaparit Olympus C-3030 ZOOM.
Zivotnost bun&k byla zjistovana pomoci 0,4% roztoku trypanové modti, ktery byl p¥idan
k suspenzi bun¢k v poméru 1:1. Vzorek byl nanesen do pocitaci komirky (TC-10 dual-
chamber counting slides, Bio-Rad). Pocet zivych a mrtvych bunék byl stanoven na
automatickém c¢itac¢i bunék (Cell Counter TC10™, Bio-Rad, USA). Bunécna proliferace
byla méfena v pritomnosti riznych koncentraci IL-6 kolorimetrickou metodou WST-1
(Roche, Némecko), pfi které¢ jsou tetrazoliové soli metabolizovany mitochondridlnimi
dehydrogendzami na formazan. Jeho vznik a mnozstvi koreluje s po¢tem metabolicky
aktivnich, tj. Zivych bunck. Analyza byla provedena dle instrukci v ptibalovém letdku.
Absorbance byla méfena pii 450 nm a pii referencni vlnové délce 690 nm na ELISA
readeru Dynatech, Model MRX (Dynatech Laboratories, USA). Rust bun¢k v kultivacni

nadobé byl prubézné pozorovan v inverznim mikroskopu Meopta IDM.

3.23 Ur€eni poctu vicejadernych bunék metodou priatokové cytometrie

Stanoveni obsahu jaderné DNA pomoci pritokové cytometrie bylo vyuZzito k urceni

poctu vicejadernych bunék. Pritokova cytometrie je standardné pouzivand metoda pro
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fenotypizaci a charakterizaci bunéénych populaci nebo ¢astic. Uplatituje se pii urovani
typu krevnich bunék, ploidie, analyze bunééného cyklu ¢i stanoveni jaderné DNA. Bunky
jsou pred analyzou obarveny fluorescencné zna¢enymi protilatkami nebo fluorescenénimi
barvivy (fluorochromy), které se vazi na proteiny, DNA ¢i jiné struktury uvnité ¢i na
povrchu bunky. Buiiky jsou ozafeny laserovym paprskem, pti¢emz dojde k absorpci zateni
fluorochromy a nasledné emisi zéafeni s odliSnou vinovou délkou. Pomoci laserovych
paprskil jsou méteny kromé fluorescence i dva rozptylové parametry: piimy rozptyl (FSC,
forward scatter), ktery je imérny velikosti buiiky, a bo¢ni rozptyl (SSC, side scatter), ktery
odrazi vnittni strukturu bunék, napt. granularitu [109].

Buriky (5 x 10°) byly 1x promyty v roztoku PBS, centrifugovany (Rotofix 32A,
Hettich; 3000 rpm/10 minut) a resuspendovany v 4,5 ml ledového 70% ethanolu. Bunky
byly inkubovany 30 minut pfi 4 °C a nésledn€ uchovany pii -20 °C. V den analyzy byly
bunky 2x promyty v PBS a inkubovany 2 hodiny pii 4 °C v 0,5 ml modifikovaného
Vindelova pufru s propidium jodidem (10 mM Tris, pHS, 1 mM NacCl, 0,1% Triton X-100,
20 pg/ml propidium jodid, 10 U (mezinirodni jednotka) ribonukledzy A). Pomérné
zastoupeni bun€k obsahujicich vétsi mnozstvi DNA nez dvojnasobek bézného obsahu
v Gl/GO fazi byla urCena z histogrami fluorescence propidium jodidu méfené na
pratokovém cytometru LSR Fortessa (BD Biosciences, USA). Méteni probihalo pii nizké
pritokové rychlosti (kolem 50 udalosti/sec) a vyhodnoceni bylo navic omezeno na
singletni udalosti uréené ze scattergramtit FSC-A vs FSC-H, aby byly vylou¢eny mozné

nepiesnosti zpiisobené sou¢asnym priichodem vice bun¢k méticim laserovym svazkem.

3.24 Imunofenotypizace pomoci pritokové cytometrie

Pomoci pritokové cytometrie byla také sledovana exprese vybranych povrchovych
antigentl. Pro ur€eni povrchovych znakil se standardné vyuziva specifickych protilatek
zna¢enych fluorochromem (pfimé fluorescence), v pifipadé neznacené primarni protilatky
je mozné pouzit sekundarni znacenou protilatku.

Burky (cca 4x10°) byly stogeny (Rotofix 32A, Hettich; 3000 rpm/5 minut), 2x
promyty v PBS a sediment resuspendovan ve zbytku PBS (cca 50 pl). K bunééné suspenzi
byla ptidana primarni protilatka proti: CD3, CD28, CD33, CD38, CD45, CD56, CD138,
CDI117 (Invitrogen); CD10, CD24 (Ortho Diagnostic System, USA); CD4, CDI13
(eBioscience, USA); k a A lehkym fetézcim (Dako, Denmark); CD5 (clone L17F12,
ziskana od Prof. Ronalda Levyho, Stanford, USA); CDS8 (BioLegend, USA); CDla, CD19,
CD20, CD21, CD25, CD85k, CD123 (Beckman Coulter, USA); CD34 (clone 4HI11)
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(Exbio, Ceska republika); CD184 (Gen-Probe, USA); HLA-DR (clone B33.1; ziskana od
Dr. Bice Perrusia, Wistar Institute, USA); CD98, CDw65, CD89, CD95 (Immunotech,
Ceska republika); CD9 (Hybritech, USA); CD15 (Becton Dickinson, USA) a CD105
(Ancell, USA). Buiiky byly inkubovany s primarni protilatkou 30 minut pti 4°C. Buiky s
navazanou primarni protilatkou byly 2x promyty v PBS a nasledné¢ inkubovany se
sekundarni protilatkou znacenou fykoerytrinem (PE, phycoerythrin). Proti mySim
primarnim protilatkdm byly pouzity kralici a kozi sekundarni protilatky (Dako). Buiky
byly inkubovany 30 minut pii 4 °C, promyty 2x v PBS a resuspendovany v piebytku PBS.
Jako pozitivni a negativni kontrola byly pouZzity bunééné linie uvedené v kapitole 3.1.1.
Jako kontrola nespecifickych vazeb byly pouzity neznacené builky a buiiky znacené pouze
sekundarni protilatkou. Intenzita fluorescence byla méfena na pritokovém cytometru
Coulter Epics XL (Beckman Coulter) a vyhodnocena v programu WinMDI 2.8 (BD,
Franklin lakes, USA) Pomoci tzv. gatingu byl ve scattergramech vybran region, ktery
zahrnoval pouze populaci Zivych bungk, tj. s minimalni granularitou a ten byl nasledné
vyhodnocen. Povrchové antigeny byly také analyzovany v laboratoti pritokové cytometrie
na UHKT. Zde byly testovany znaky CD3, CD4, CDS, CD19, CD20, CD27, CD28, CD38,
CD45, CD56, CD117, CD138 a cytoplazmaticky lehky fetézec kappa.

3.25 Cytogeneticka analyza

Klasické cytogenetické vySetfeni vyuziva techniku pruhovani chromozomu, kterd
umoziuje analyzu karyotypu a prokdzani numerickych a strukturnich aberaci
chromozomu. Vyssi rozliSovaci schopnost a citlivost poskytuji molekularné cytogenetické
metody, které vyuzivaji fluorochromem zna¢ené DNA sondy k detekci urcitych gend,
chromozomovych oblasti i celych chromozomti. Cytogenetickd analyza byla provedena
konvenéni cytogenetickou metodou a metodou mnohobarevné fluorescencni in situ

hybridizace (mFISH) na Oddéleni cytogenetiky UHKT.

3.2.5.1 Konvencni cytogeneticka analyza

Buiiky byly zpracované standardnim postupem, ktery zahrnuje kultivaci bunck
vmédiu RPMI-1640, nasleduje zéastava bunécného cyklu kolcemidem, inkubace
v hypotonickém roztoku, fixace v roztoku kyseliny octové a metanolu, G-pruhovani a
barveni roztokem Giemsa-Romanowski. Chromozomové preparaty byly vyhodnocovany

pomoci mikroskopu a pocitatové analyzy obrazu (IKAROS, MetaSystems, Némecko).
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Chromozomy byly hodnoceny podle ISCN (The International System for Human

Cytogenetic Nomenclature) nomenklatury.

3.2.5.2 mFISH analyza

Analyza byla provedena pomoci 24XCyte Human Multicolor FISH Probe Kit
(MetaSystems) nebo SpectraVision™ Assay (Abbott Laboratories) dle instrukci
v ptibalovém letdku. Standardni postup mFISH analyzy zahrnuje hybridizaci fluorochromy
znaenych DNA sond na cytogenetické preparaty, které jsou ptipravené konvenénim
zptisobem, mikroskopovani, analyzu signdlu ve fluorescenénim mikroskopu a pocita¢ovou
analyzu obrazu. Preparaty byly hodnoceny pomoci fluorescencniho mikroskopu Zeiss
Axioplan 2 nebo Nikon Eclipse 90i a obraz byl déle zpracovan pomoci softwaru ISIS

(MetaSystems) nebo LUCIA (Laboratory Imaging, CR).

3.2.6 Stanoveni mutacniho stavu IgVH genu

Klonalni pfestavby IgVH genti byly vySetfeny v laboratofi PCR diagnostiky
leukemii na UHKT. Detailni popis metody zahrnujici izolaci RNA, syntézu
komplementarni DNA (cDNA), PCR amplifikaci imunoglobulinovych rodin VH,
sekvenaci klonalni pfestavby a stanoveni mutacniho stavu je uveden v publikaci [110].

Jako mutované jsou oznacovany ty geny, jejichz homologie se zarodecnou linii je <98 %.

3.2.7 Prakaz sekrece imunoglobulint

Burky (0,1 x 10° bunék/ml) byly inkubovany po dobu ti dnil. Tteti den kultivace
byly buiiky centrifugovany (Rotofix 32A, Hettich; 3000 rpm/10 minut) a supernatant
ponechan pro analyzu. Imunoglobuliny a jejich volné lehké fetézce byly stanoveny rutinni
metodou (nefelometrie) na Ustavu lékaiské biochemie a laboratorni diagnostiky

Vseobecné fakultni nemocnice v Praze.
3.2.8 Analyza proteinti pomoci hmotnostni spektrometrie

3.2.8.1 Dvourozmérna (2-D) elektroforéza

2-D  elektroforéza byla provedena dle postupu, ktery byl césteéné
modifikovan [111]. Pro odstranéni kontaminujicich substanci byl pouzit 2-D Clean-Up Kit
(Amersham Bioscience, USA). Butiky (107 bung&k) byly zpracovany dle ndvodu tohoto
kitu. Vyslednd proteinova peleta byla resuspendovana v 350 pl rehydratacniho roztoku

s obsahem 7M urey a 2M thiourey, ktery byl pfipraven dle ndvodu v pfibalovém letaku 2-
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D Clean-Up Kitu. Na strip (ReadyStrip IPG Strips pH 5 — 8, Bio-Rad) pro 2-D
elektroforézu bylo naneseno 650 pg proteinu. Proteiny byly rozdéleny ve druhém sméru
pomoci SDS-PAGE na 12 % akrylamidovém gelu. Vysledny gel byl oplachnut
v dostate¢ném mnoZzstvi redestilované vody a obarven v roztoku SimplyBlue™ SafeStain

(Invitrogen) dle navodu.

3.2.8.2 Hmotnostni spektrometrie (MS)

Hmotnostni spektrometrie je zaloZena na rozdé€leni nabitych ¢astic podle jejich
molekulovych hmotnosti v  elektrickém/magnetickém poli. Ke stanoveni vysSich
molekulovych hmotnosti se pouzivé ionizace laserem za piitomnosti matrice (MALDI,
matrix assisted laser desorption/ionization) v kombinaci s detektorem doby letu (TOF,
time-of-flight). Hmotnostni spektrometric MALDI-TOF byla pouzita pro analyzu
vybranych proteinovych spoti na 2-D elektroforéze. Proteinové spoty byly vybrany na
zaklad€ porovnani s proteinovou mapou linie UHKT-893, kterd byla ustavena na Oddé¢leni
bun&éné biochemie UHKT ve stejném roce jako linie UHKT-944. Prvni spot byl vybran na
zakladé jeho zvySené exprese u linie UHKT-944 a absence u linie UHKT-893. Druhy spot
odpovidal pozici spotu, ktery byl identifikovan u linie UHKT-893 jako lehky fetézec
imunoglobulinu kappa. Vybrané proteinové spoty byly vyfiznuty z gelu a zpracovany a
méfeny v laboratofi hmotnostni spektrometrie na Piirodovédecké fakult¢ UK v Praze.
Proteiny byly identifikovany na zakladé porovnani ziskanych dat s proteinovymi

databazemi (GenBank) pomoci programu Mascot verze 2.1 (Matrix Science, USA).

3.29 Detekce anti-HBsAg

Buriky (0,2 x 10° bun&k/ml) byly kultivovany po dobu tii dni. Tteti den byly butiky
centrifugovany (Rotofix 32A, Hettich; 3000 rpm/10 minut) a supernatant uchovan do doby
analyzy pfi -20 °C. Testovan byl také bunéény lyzat. Bunky (20 x 10° byly
centrifugovany a bunéfna peleta byla zlyzovana v 300 pl lyzacniho pufru (soucast
Caspase-3 colorimetric assay kit, Biovision, USA) s pfidavkem 1 pl inhibitoru proteaz
(Sigma-Aldrich). Bunéény lyzat byl uchovan do doby analyzy pii -20°C.

Mozna specificita IgA protilatky linie UHKT-944 vici viru hepatitidy B (HBsAg)
byla méfena v pfipraveném supernatantu i bunééném lyzatu pomoci standardni metody
ELISA dle navodu pouzitého ETI-AB-AUK-3 (antiHBs) kitu (DiaSorin, Italie). Vzorky
byly dile méfeny metodou CMIA (Chemiluminescent Microparticle Immunoassay) na

analyzatoru Abbott Architect 1000 (Abbott, Ceska republika) s pouzitim Architect anti-
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HBs reagencniho kitu v Narodni referencni laboratofi pro virové hepaitidy (NRL) ve

Statnim zdravotnim tstavu (SZU) v Praze.

3.210 Prakaz kontaminace bunék mykoplazmou

Mykoplazmata jsou prokaryotické mikroorganizmy, které mohou kontaminovat
bunééné kultury a zkreslovat tak vysledky experimenti. Mykoplazmata nepfiertistaji
bunécéné kultury, ale mohou ovliviiovat metabolizmus buné€k, rist ¢i produkci cytokind.
K detekci mykoplazmat byla pouzita standardni fluorescenéni metoda pii které je DNA
(testovanych bunék i mykoplazmat) barvena fluorescen¢nim barvivem.

Pted analyzou byly buiky kultivovany 10 dni v RPMI-1640 médiu bez ptidavku
antibiotik, fixovany ve smési metanol/kyselina octova v poméru 3:1 a barveny Hoechst
33258 (Sigma-Aldrich). Buniky byly pozorovany pod fluorescenénim mikroskopem (Carl

Zeiss Jena Lumar).

3.2.11 Detekce EBV

K vylouceni ptitomnosti EBV byly buiiky zaslany k analyze virové DNA metodou
PCR do Narodni referenéni laboratofe pro herpetické viry v SZU.

3.2.12 Bunéc¢na linie UHKT-944

Bunky UHKT-944 byly kultivovany ve sklenénych 50 ml nebo 100 ml
Erlenmayerovych baiikkdch v médiu RPMI-1640 s L-glutaminem (Biochrom, Némecko),
které¢ bylo obohaceno 10% fetdlnim telecim sérem (Biochrom), rekombinantnim IL-6 (1
ng/ml; Invitrogen, USA) a antibiotiky penicilinem (100 U/ml; Sigma-Aldrich) a
streptomycinem (100 pg/ml; Sigma-Aldrich). Buiiky byly uchovavany v inkubatoru pti 37
°C a 5% CO». Médium bylo ménéno dle potieby, zpravidla dvakrat tydné.

3.2.13 Stromalni bunky kostni dfené (BMSCs)

BMSCs byly ziskany kultivaci mononuklearnich bun¢k kostni dfené pacientll s
MM, které byly izolovany denzitni gradientovou centrifugaci (viz kapitola 3.2.1).
Mononukledrni buiiky byly kultivovany ve sklenénych Erlenmeyerovych bankach v médiu
RPMI-1640 s L-glutaminem (Biochrom, Némecko), které bylo obohaceno 10% fetdlnim
telecim sérem (Biochrom), antibiotiky penicilinem (100 U/ml; Sigma-Aldrich) a
streptomycinem (100 pg/ml; Sigma-Aldrich). Buiiky byly uchovavany v inkubatoru pti 37
°C a 5% COsz. Médium bylo ménéno dle potieby, zpravidla dvakrat tydné. Adherentni
buniky s morfologii fibroblastli se objevily na dné baikky po 1 - 2 tydnech kultivace.
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Neadherentni buiiky byly odmyty a stromalni buiiky adherované na dné sklenéné baiky
byly kultivovany v médiu bez IL-6. Médium bylo ménéno 2x tydné. Poté co buiiky dosahly
100% konfluence, tzn. zaplnily povrch dna baiiky, byly oplachnuty PBS a uvolnény ze dna
pomoci roztoku Trypsin-EDTA (Sigma-Aldrich), ktery byl nasledné¢ inaktivovan
ptidavkem cerstvého média. Vysledna bunécnd suspenze byla centrifugovana (Rotofix
32A, Hettich; 3000 rpm/10 minut), Ix promyta v médiu a vyslednd bunécna peleta
resuspendovana v Cerstvém médiu. Buiikky byly nasazeny ve stejné hustot¢ do 50 ml
sklenénych Erlenmeyerovych ban€k a kultivovany do doby nez bylo dosazeno cca 80%

konfluence (maximalng 1 tyden).

3.2.14 Kultivace bunék v pritomnosti BMSCs

Butiky UHKT-944 (2.5 x 10° bunék/ml) byly nasazeny do 50 ml sklenénych
Erlenmeyerovych banck s BMSCs a bez BMSCs. Bunky UHKT-944 byly kultivovany po
dobu 3 dnti a poté oSetieny SAHA (1 a 1,5 uM) a VPA (0,5 a 1 mM).

3.2.15 Kultivace bunék v pritomnosti extracelularni matrix (ECM)

96-jamkova mikrotitraéni desticka s povrchovou upravou pro tkanové kultury
(Nunc, Thermo Fisher Scientific, USA) byla pokryta slozkami extracelularni matrix. Jako
zdroj téchto slozek byl pouzit roztok MaxGel ECM (Sigma-Aldrich). MaxGel byl nafedén
vychlazenym médiem v poméru 1:4 a 75 pl takto pfipraveného roztoku bylo naneseno do
jamek mikrotitracni desticky. Desti¢ka byla inkubovana 4 hodiny v CO> inkubéatoru pti 37
°C a 5% COas. Zbyly roztok byl opatrné odsat a desticka bez vicka ponechana 30 minut
v laminarnim boxu (HERAsafe; Heraeus) az do odpareni veskeré¢ tekutiny. Kultivaénim
médiem byly UHKT-944 buiiky nafedény na vyslednou koncentraci 2 x 10° bunék/ml a
100 pl bunééné suspenze bylo naneseno do jamek mikrotitracni desticky s navdzanym
ECM a kontrolnich neosetfenych jamek. Po 48 hodinach inkubace byly buiiky oSetfeny
SAHA (1 a 1,5 uM) a VPA (0,5 a 1 mM).

3.2.16 Kultivace bunék v pritomnosti riznych koncentraci IL-6

Buiiky UHKT-944 (2.5 x 10° bungk/ml) byly nasazeny do 50 ml sklenénych
Erlenmayerovych bané€k s riznymi koncentracemi IL-6: 0.2 ng/ml, 1 ng/ml a 3.3 ng/ml a
do kontrolnich banék bez ptidavku IL-6. Bunky byly kultivovany po dobu 3 dnti a poté
oSetteny SAHA (1 a 1,5 uM) a VPA (0,5 a I mM).
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3.2.17 Méreni bunééné proliferace pomoci AlamarBlue®

Buné¢na proliferace byla métena po 24 a 48 hodinach inkubace bunék UHKT-944 s
ptislusSnymi HDAC inhibitory (viz kapitola 3.2.14, 3.2.15 a 3.2.16) s pouzitim barviva
AlamarBlue® (Invitrogen, USA). Pomoci metody AlamarBlue lze méfit bunécnou
proliferaci a cytotoxicitu rtiznych latek. Principem metody je schopnost metabolicky
aktivnich tj. Zivych bunc¢k pfeménovat modré barvivo resazurin, na fluorescencni latku
resorufin. Hodnota zmétené fluorescence pak odpovida celkové metabolické aktivité
respektive zivotnosti métenych bunék.

Buiiky byly promichdny opatrnym tfepanim a krouzivymi pohyby banky a 100 pl
bunécéné suspenze z kazdé Erlenmeyerovy baiiky bylo pieneseno do jamek 96-jamkové
mikrotitracni desticky. Do kazdé jamky bylo poté pipetovano 10 pl AlamarBlue barviva.
V ptipadé kultivace bun€k v ptitomnosti ECM bylo pipetovano 10 pl AlamarBlue barviva
pfimo do jamek desticky pokryté MaxGel. Desticka byla zabalena do alobalu z diivodu
ochrany pfed svétlem a inkubovdna 1 hodinu v CO> inkubatoru pii 37 °C. Intenzita
fluorescence byla méfena na destickovém analyzatoru BMG FLUOstar Galaxy (MTX Lab

Systems, USA) pfi excitacni vinové délce 560 nm a emisni vinové délce 590 nm.
3.2.18 Detekce apoptozy

3.2.18.1 Méreni aktivity kaspazy-3

Béhem procesu apoptdzy dochdzi k aktivaci kaspaz, které se podileji jak na prenosu
signalu vedouciho k apoptdze, tak i na samotné bunécné smrti prostiednictvim $tépeni celé
fady substratii. Apoptdza byla detekovéana na zakladé¢ zjisténé aktivace efektorové kaspazy-
3, kterd byla méfena pomoci kolorimetrické metody s pouzitim kitu Caspase-3/CPP32
colorimetric assay kit (BioVision, USA). Aktivita kaspazy-3 byla méfena dle instrukci
v piibalovém letaku tohoto kitu. Buiiky UHKT-944 (5 x 10° bungk) byly kultivovany v 6-
jamkovych destickach v pfitomnosti/nepfitomnosti 10 pM inhibitoru kaspaz Q-VD-OPh
(R&D Systems, Kanada) a osetfeny SAHA (uM) a VPA (mM). Buiiky byly inkubovany
s ptislusnymi HDAC inhibitory 24 hodin a nésledné¢ centrifugovany (Rotofix 32A, Hettich;
3000 rpm/10 minut) a lyzovany. Koncentrace proteinii v buné¢ném lyzatu byla urcena
metodou dle Bradfordové podle ndvodu v piibalovém letdku pouzitého Bio-Rad Protein
Assay Kit (Bio-Rad Laboratories, USA). Jako standard byl pouZzit hovézi sérovy albumin

(Bio-Rad Laboratories). Mnozstvi proteinu v kazdém experimentu bylo 100 pg.
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Absorbance byla méfena pti vinové délce 405 nm na ELISA readeru Dynatech, model

MRX (Dynatech Laboratories, USA).

3.2.18.2 Detekce apoptozy pomoci annexinu V a propidium jodidu

Casné apoptotické buiiky Ize detekovat pomoci annexinu V ozna¢eného
fluorochromem, ktery se vaze na fosfatidylserin, jez se u apoptickych bunck pfesouva na
vnéjsi stranu cytoplazmatické membrany. Spolu s Annexinem V se pro odliSeni pozdné
apoptickych a nekrotickych bunék pouziva propidium jodid.

Apoptdza byla méfena za pouziti kitu Annexin-V-FLUOS staining kit (Roche
Diagnostics, Némecko). Buitky UHKT-944 (4 x 10° bun&k/ml) byly kultivovany v 6-
jamkovych destickach v pfitomnosti/nepfitomnosti 10 pM inhibitoru kaspaz Q-VD-OPh
(R&D Systems, Kanada) a oSetieny SAHA (uM) a VPA (mM). Buiiky byly inkubovany
s ptislusnymi HDAC inhibitory 24 hodin a nasledné zpracovany a méfeny dle instrukci
vyrobce pouzitého kitu. Vzorky byly méfeny na priitokovém cytometru Coulter Epics XL
(Beckman Coulter, USA). Naméfena data byla vyhodnocena v programu WinMDI 2.8
(BD, USA).

3.2.19 Méreni adhezivity bunék UHKT-944 k ECM

Adhezivita bunék UHKT-944 k ECM byla méfena dle postupu popsané¢ho
v publikaci [112] s pouzitim komercnich stripii pokrytych riznymi proteiny ECM
(Millicoat 96-well ECM Screening Kit, Millipore) a 96-jamkova mikrotitraéni desticka
pokrytd MaxGel ECM (Sigma-Aldrich) viz kapitola 3.2.15. K ovéfeni spravného pokryti
desticky MaxGel byla pouzita bunééna linie HEL, u které byla v Oddé¢leni proteomiky

UHKT jiz diive ovétena jeji schopnost vazat se k lamininu i kolagenim.

3.2.20 Meéreni koncentrace interleukinu-6

Buiiky UHKT-944 (1,5 x 10° bun&k) byly kultivovany v 50 ml sklen&nych
Erlenmeyerovych bankach v pfitomnosti BMSCs po dobu 3 dnti. Poté bylo z kazdé banky
odebrano 2 ml bunécéné suspenze, kterd byla nasledné centrifugovana (Rotofix 32A,
Hettich; 3000 rpm/10 minut) a supernatant uchovan v -20 °C do druhého dne. Zaroven
byla métena produkce IL-6 stromalnimi buiikami bez ptitomnosti myelomovych bunék.
Vzorky byly pfipraveny vySe popsanym postupem bez piitomnosti bunék UHKT-944.
Koncentrace IL-6 v supernatantu a kondiciovaném médiu byla méfena

elektrochemiluminiscenéni metodou (ECLIA) na Oddéleni klinické biochemie
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Thomayerovy nemocnice v Praze na analyzatoru Cobas 6000 (Roche Diagnostics, Ceska

republika) s pouzitim piislusné reagencni soupravy.

3.2.21 Analyza bunééného cyklu

Analyza bunécného cyklu je jedna z aplikaci pritokové cytometrie, kterd je
zalozena na kvantifikaci buné¢né DNA. Tato metoda vyuziva fluorescencni barvivo, které
se vaze na molekulu DNA. Po excitaci fluorescen¢niho barviva dochazi k emisi zafeni,
které je zaznamenano pritokovym cytometrem. Intenzita emitovaného zafeni je piimo
umérna mnozstvi DNA, které se méni v prubehu bunécného cyklu.

Buiiky UHKT-944 (2,5 x 10° bungk/ml) byly nasazeny do 50 ml sklenénych
Erlenmeyerovych banck s BMSCs a bez BMSCs. Bunky UHKT-944 byly kultivovany po
dobu 3 dntli a poté osetieny SAHA (1 a 1,5 uM) a VPA (0,5 a 1 mM). Po 48 hodinach
inkubace bylo zbun&¢né suspenze odebrano 5 x 10° bungk, které byly stoeny na
centrifuze (Rotofix 32A, Hettich; 3000 rpm/10 minut) a 1x promyty v PBS. Bunétny
sediment byl resuspendovan v 4,5 ml ledového ethanolu, buniky inkubovany 30 minut pii 4
°C a nasledné uchovany pfti -20°C po dobu maximaIné jednoho tydne. V den analyzy byly
fixované buiky promyty 2x v PBS a inkubovany 2 hodiny v 0,5 ml modifikovaného
Vindelovova pufru s propidium jodidem (10 mM Tris, pH 8, 1 mM NaCl, 0.1% Triton X-
100, 20 pg/ml propidium jodid a 10 U (mezinarodni jednotky) ribonukledzy A).
Fluorescence byla méfena na pritokovém cytometru LSR Fortessa (BD Biosciences).
Jednotlivé faze bunééného cyklu byly vyhodnoceny zgrafi PE vs FSC (intenzita
fluorescence propidium jodidu v kandle PE a rozptylovy parametr FSC) v programu BD
FACSDiva 7.0. Krom¢ sledovani mnozstvi bunék v jednotlivych fazich bunééného cyklu
byl také vyhodnocen pocet bunék v tzv. sub-G1 fazi (se snizenym obsahem DNA), kterad
ptedstavuje buniky v pozdni f4zi apoptozy.

3.2.22 ELISA (Enzyme-linked immunosorbent assay)

Buiiky UHKT-944 (2,5 x 10° bungk/ml) byly nasazeny do 50 ml sklenénych
Erlenmeyerovych banck s BMSCs a bez BMSCs. Bunky byly kultivovany po dobu 3 dnti
a poté oSetfeny SAHA (1 a 1,5 uM) a VPA (0,5 a 1 mM). Po 48 hodinach inkubace s
ptislusnymi HDAC inhibitory bylo kultivaéni médium odstfedéno a buiky sklizeny
do lyza¢niho pufru, kterym byl vysledny bunéény lyzat natedén na vyslednou koncentraci
0,1 mg/ml proteind. Pro urceni koncentrace proteini byla pouzita metoda dle Bradfordové.

Mira fosforylace proteinu STAT3 byla métena pomoci ELISA kitu PathScan® Phospho-
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Stat3 (Tyr705) Sandwich ELISA kit (Cell Signaling). Analyza byla provedena dle instrukci
vyrobce tohoto kitu. Absorbance byla méfena pti vinové délce 450 nm a pii referencni
vlnové délce 650 nm na ELISA readeru Dynatech, model MRX (Dynatech Laboratories,
USA).

3.2.23 Western blotting

Buiiky UHKT-944 (2,5 x 10° bungk/ml) byly nasazeny do 50 ml sklenénych
Erlenmeyerovych banck s BMSCs a bez BMSCs. Bunky byly kultivovany po dobu 3 dnti
a poté osetreny SAHA (1 a 1,5 uM) a VPA (0,5 a 1 mM). Po 48 hodinach inkubace
s HDAC inhibitory byly buiiky 2x promyty v PBS a zlyzovany v lyzaénim pufru NP40
(Invitrogen), s ptidavkem 1mM PMSF (Roche), inhibitorti protedz a fosfatdz (Sigma-
Aldrich). Po 30 minutové inkubaci na ledu byly vzorky centrifugovany (Biofuge Pico,
Heraeus; 13000 rpm/30 minut), supernatant pienesen do cistych mikrozkumavek a
zamrazen pii -80 °C. Koncentrace proteinii byla uréena metodou dle Bradfordové. Ke
vzorkim byl pfidan 4x Laemmli sumple buffer (Bio-Rad) v poméru 1:1 ktery byl
obohacen 5% p-merkaptoethanolem. Poté byly vzorky povafeny 4 minuty pii 100°C.
Proteiny byly rozd€leny pomoci standardni 12% SDS-PAGE (Bio-Rad) a polosuchym
blottingem pfeneseny na PVDF membranu Hybond-F (GE Healthcare Life Sciences,
USA). Membrany byly blokovany 3% BSA (bovine serum albumine) (Roche) v PBS-T
(fostatovy puftr, 0.1% Tween-20), n€kolikrat promyty v PBS-T a inkubovany s primarni
protilatkou fedénou 3% BSA v PBS-T pfi 4°C pfes noc. Druhy den byla membréana
nékolikrat promyta v PBS-T a inkubovéna se sekundarni protilatkou konjugovanou s
kienovou peroxidazou 2 hodiny pti pokojové teplot€. Membrana byla poté nékolikrat
promyta v PBS-T. Proteiny byly detekovany pomoci chemiluminiscence za pouziti
SuperSignal West Dura Extended Duration Substrate (Thermo Fisher Scientific, USA)
podle navodu vyrobce a vizualizovany a vyhodnoceny digitdlnim systémem G-box
iChemi XT4 (Syngene Europe, Cambridge) a programem GeneTools 4.02 (Syngene
Europe, Cambridge). Pro ovéteni stejného mnozstvi proteinu, ktery byl nanaSen do jamek,

byla pouzita protilatka proti B-aktinu.

3.2.24 Statisticka analyza

Data byla statisticky vyhodnocena v programu MedCalc verze 13 (MedCalc®,

Mariakerke, Belgie) za pouziti parového T-testu a Wilcoxonova parového testu.
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4 VYSLEDKY

4.1 PACIENT

Pomoci priatokové cytometrie bylo v periferni krvi a kostni dieni pacienta
detekovano 25 % plazmatickych bunck. Imunoelektroforéza moc¢i odhalila pfitomnost
Bence-Jonesovy bilkoviny (volny lehky fetézec imunoglobulinii typu kappa). V séru
pacienta se nachazelo 45,5 g/l IgA, pomér kappa/lambda volnych fetézci byl 49,21. Déle
byla v séru pacienta zjisténa koncentrace celkové bilkoviny (130 g/l), sérového albuminu
(28 g/1), B2-mikroglobulinu (11 mg/l) a kreatininu (145 pmol/l). Koncentrace hemoglobinu
v krvi byla 85 g/l. Stanovenim vapniku v séru byla vyloucena hyperkalcémie. Pacient
absolvoval 6 cykli chemoterapie v rezimu CD (cyklofosfamid+dexametazon) a CVD
(cyklofosfamid+Velcade+dexametazon). Lécba vSak nebyla GspéSna a pacient zemfiel s

ptiznaky progrese onemocnéni doprovazené bronchopneumonii v listopadu 2010.

4.2 USTAVENI BUNECNE LINIE UHKT-944

Primarni kultura vzorku kostni diené ¢. 944 byla zalozena 2. 6. 2010. Po dvou
tydnech byly pozorovany na dné kultivacni lahvicky a Erlenmeyerovy banky stromalni
bunky s morfologiii fibroblastl, které vytvareji idedlni prostfedi pro podporu ristu a
prezivani krvetvornych bunck [113]. Po dvou mésicich kultivace jsme zaznamenali
v kultufe nartst bunc¢k s morfologii plazmatickych bunék a pojmenovali jsme noveé
vznikajici bunéénou liniit UHKT-944. Z ptivodni priméarni bunééné kultury byla ¢ast bunck
pfenesena do novych kultivacnich lahvicek, kde se vSak jiz nevytvofila vrstva stromalnich
bunék. Stromdlni buiiky kostni dfen¢ jsou povazovany za zdroj dilezitych rastovych
faktord a cytokint [66]. Z tohoto diivodu byly buiiky nadale kultivovany v médiu s IL-6,

klicového faktoru co se tyCe ristu a prezivani myelomovych bungk.

43 RUSTOVE CHARAKTERISTIKY

Ackoliv jsme zjistili, ze koncentrace IL-6 odpovidajici 0,5 ng/ml je dostacujici pro
rist a prezivani bun€k linie UHKT-944 (Obr. 5), byly tyto bunky naddle kultivovany
v ptitomnosti 1 ng/ml IL-6 jako jiné myelomové linie zavislé na IL-6 [114,115]. Zavislost

rastu bunck na IL-6 byla v prubéhu kultivace pravidelné kontrolovana (Obr. 6).
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Obr. 5 — Vliv IL-6 na proliferaci bunééné linie UHKT-944. Bunécna proliferace byla
meétena kolorimetrickou metodou WST-1 po 2, 4, 7 a 11 dnech inkubace s riznymi
koncentracemi IL-6. Hodnoty jsou zobrazeny jako prumér + smérodatna odchylka ze tii
nezavislych experimentu.
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Obr. 6 — Kultivace bunék UHKT-944 bez pritomnosti IL-6. Reprezentativni grafy
zndzorujici rast bunck UHKT-944 bez piitomnosti IL-6 dokazujici zavislost rlstu a
prezivani této linie na pfitomnosti tohoto cytokinu. Buniky byly kultivovany ve sklenéné 50
ml Erlenmeyerové bafice (A, B) a plastové 25 cm?2 kultiva¢ni lahvicce (C).
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Rist bunck je také limitovan jejich koncentraci v médiu. Zjistili jsme, Ze pro
optimalni ristové podminky je nutné udrzovat hustotu bungk od 0,05 x 10° bunék/ml do

maximalni hustoty bunék 0,6 x 10 bungk/ml (Obr. 7).
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Obr. 7 — Rustova krivka linie UHKT-944 po 9 mésicich kultivace. Buiky byly
kultivovany v 25 cm? plastové kultivaéni lahviéce s pocate¢ni koncentraci 0,05 x 10°
bungk/ml. Médium bylo ménéno 2x tydné opatrnym odsatim vrchni vrstvy. Cast
odebrané¢ho média byla nahrazena stejnym mnozstvim média Cerstvého.

44 MORFOLOGIE BUNEK LINIE UHKT-944

Morfologické vlastnosti linie UHKT-944 jsme urcovali mikroskopicky na
cytospinovych preparatech barvenych dle Giemsy, na kterych jsme pozorovali pievazné
mononuklearni buiky, dale se vyskytovaly binukledrni buniky a ojedinéle bylo mozné

nalézt multinuklearni bunku obsahujici az dvanact jader (Obr. 8).

47



Obr. 8 — Buiiky izolované z kostni diené pacienta ¢. 944 a linie UHKT-944. Bunécny
natér primarni kultury buné€k izolovanych z kostni diené pacienta ¢. 944 (A, B) a bunécné
linie UHKT-944 po 9 mésicich v kultufe (C, D). Barveni Giemsa, zvétSeni 1500x.

Vsechny buiky vykazovaly morfologii plazmatickych bunck. Zajimalo nas také
procentudlni zastoupeni vicejadernych bunck, které bylo stanoveno na zakladé¢
bunééného DNA obsahu metodou pritokové cytometrie. Analyza odhalila pfitomnost

okolo 5 % vicejadernych bun¢k (Obr. 9).
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Obr. 9 — Ukazka histogramu fluorescenéni intenzity propidium jodidu (kanal PE-A)
v buiikach linie UHKT-944. Buikky byly obarveny postupem pouZzivanym pro analyzu
bunééného cyklu a analyzovany na pritokovém cytometru BD FACS Fortessa. Vedle
nejvice zastoupené populace mononukledrnich bunék v G1/GO fazi je patrna populace
s dvojndsobkem obsahu DNA (tj. mitotickych bun¢k s normalnim obsahem DNA nebo
dvoujadernych bunék v G1/GO0 fazi) a vicejaderné bunky.

4.5 IMUNOFENOTYPIZACE BUNEK UHKT-944

Charakter plazmatickych buné¢k byl potvrzen podle povrchové exprese znakl
CD138 a CD38. Buiniky na svém povrchu neexprimovaly vétSinu markert typickych pro B-
buiiky, T-bunky a builky myeloidni fady. Pro detailn€jsi charakterizaci a odliSeni
normalnich plazmatickych bun¢k od nddorovych monoklondlnich bun¢k jsme analyzovali
dalsi povrchové markery uvedené v tabulce 3, kde je také uvedeno srovnani s ostatnimi
myelomovymi a plazmocelularnimi liniemi. Analyzou byla také zjisténa piitomnost

cytoplazmatického monoklonédlniho lehkého fetézce imunoglobulinu kappa.
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Tab. 3 — Exprese povrchovych znaki linie UHKT-944 a ostatnich bunécénych linii

odvozenych od malignich plazmatickych bunék.

Ostatni bunééné linie

Povrchové znaky / UHKT-944 PCL MM Plazmocytom

diferenciacni skupina Exprese* Pozitivita** n Pozitivita n Pozitivita

Povrchové znaky plazmatickych bun€k

CD 138 -+ 82% 11 82% 28 100%
Povrchové znaky T-/NK bunék

CDla + 50% 2 0% 2

CD3 - 0% 11 0% 37 0%
CD4 - 0% 5 7% 27 50%
CD5 - 0% 9 3% 35 0%
CD8 - 0% 5 0% 24 0%
CD28 ++ 67% 3 91% 23

Povrchové znaky B-bunék

CD9 + 0% 3 46% 13

CD10 - 7% 15 22% 46 33%
CD19 - 6% 18 10% 51 0%
CD20 - 12% 17 13% 47 0%
CD21 - 25% 8 14% 29 0%
CD24 - 20% 5 5% 20

Ostatni povrchové znaky

CD34 - 0% 4 0% 15 0%
CD38 ++ 83% 18 82% 50 100%
CD45 + 43% 7 40% 20

CD56 + 70% 10 41% 41 100%
CD85k -+ 0 0

CD98 +++ 0 0

HLA-DR + 23% 13 36% 44 67%
CD13 - 0% 9 0% 31 0%
CD15 - 0% 5 0% 20

CD33 ++ 13% 8 21% 19 0%
CDW65 - 0% 1 0% 7
Cytokinové/ostatni receptory

CD25 - 0% 5 7% 27

CD8&9 - 0 0

CD95 - 0% 1 67% 6

CD105 - 0 100% 4

CD117 - 50% 2 0% 5

CD123 +++ 0 0% 1

CD184 ++ 0 0

SN NN DO

O N O WOoOOoO R~ O W O = W W WwWo

(=N eNeNoR=E =N

*  Exprese CD znaku je vyhodnocena jako negativni (-), slabé pozitivni (+), pozitivni

(++) a siln€ pozitivni (+++).

**  Procentualni zastoupeni bunécnych linii pozitivnich na dany povrchovy znak z celkového poctu
testovanych linii (n).
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4.6 DETEKCE A ANALYZA IMUNOGLOBULINU

Analyzou jsme zjistili, ze buitkky UHKT-944 produkuji IgAl-kappa, ale nedochézi
k sekreci volného imunoglobulinového lehkého fetézce kappa.

Nefelometrie odhalila pfitomnost IgA. V kontrolnim médiu byla stanovena
koncentrace IgG (<9,26 mg/1), IgA (<0,25 mg/l) a IgM (<0,3 mg/l). Koncentrace volnych
lehkych fetézcii se nachdzela pod limitem detekce. V kondiciovaném médiu bylo zjiSténo
<9,26 mg/1 IgG, 10,5 mg/1 IgA, <0,3 mg/l IgM, <0,38 mg/l volné¢ho lehkého fetézce kappa
a <0,5 mg/1 volného fetézce lambda.

Lehky fetézec kappa byl vSak detekovan v cytoplazmé bunck UHKT-944 pomoci
pritokové cytometrie (viz kapitola 3.2.4).

Jeden z vybranych proteinovych spoti zgeli 2-D elektroforézy (Obr. 10) byl
identifikovan jako tézké fetézce lidskych imunoglobulini podtiidy IgAl. Na zakladé
porovnani hmotnostnich spekter v databazi byl druhy spot identifikovan jako lidské lehké
fetézce kappa se specificitou viciantigenu viru hepatitidy B (HBsAg). Potencidlné
prakticky vyuzitelnou moznost, ze linie UHKT-944 produkuje protilatky proti HBsAg,
jsme se pokusili ovéerit, ovSem ob¢€ imunoanalyzy pouzité k detekci antiHBsAg mély

v souladu s nasim pfedpokladem negativni vysledek.
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Obr. 10 — Proteinova mapa linie UHKT-944 ziskana 2-D elektroforézou. Oznacené
proteinové spoty byly analyzovany pomoci hmotnostni spektrometrie (MALDI-TOF) a
identifikovany jako tézky fetézec lidského imunoglobulinu podtiidy IgAl a lidsky lehky
fetézec kappa.
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V bunikdch UHKT-944 kultivovanych po dobu 9 mésicl byla prokézana ptitomnost
somatické hypermutace ve variabilni oblasti téZzkého fetézce imunoglobulinového genu
(IgVH). Byla detekovéna klonalni pfestavba VH3-9, kterd vykazovala 91% homologii se

zarodec¢nou linii.

47 VYLOUCENI PRITOMNOSTI EBV A MYKOPLAZMY

Ptitomnost DNA viru EBV u linie UHKT-944 byla vylou¢ena metodou PCR.
Fluorescen¢ni barveni DNA neprokéazalo pfitomnost mykoplazmat. Kontaminace bun¢k

UHKT-944 mykoplazmaty byla béhem kultivace pravideln¢ kontrolovana.

48 CYTOGENETICKA ANALYZA

Pomoci techniky mFISH a klasické cytogenetické analyzy byla u linie UHKT-944
prokadzdna pfitomnost téméf tetraploidniho karyotypu s vyskytem vice nez 75
chromozomu. Bylo zjisténo n¢kolik numerickych a strukturnich aberaci typickych pro MM
a PCL vcetné translokace zahrnujici lokus pro tézky fetézec imunoglobulinii v oblasti
14q32. Karyotyp bunék UHKT-944 kultivovanych 9 mésict a karyotyp pacienta ¢. 944 v
dobé¢ stanoveni diagnézy je zobrazen na obrazku 11.  Pfitomnost identickych
chromozomalnich aberaci je nespornym dikazem toho, Ze linie UHKT-944 byla skutecné

odvozena od vySe uvedeného pacienta.
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47~48,XY,dup(1)(q?),+3,der(6)t(6;7)(q23;2),dic(1;7)(?;2)t(6;7)(q23;2),+9,-
13,t(14;20)(q32;?),-15,dic(15;16)(?;7),+21 [cp7]
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79~95<4n>,XXYY,-1,-1,der(1)t(1;9)(p11;p11)x2,der(1)t(1;18)(p11;q22),+3,+3,-
4,del(5)(q?),t(657)(q23;q22),der(6)t(657)(q23;q22),der(6)t(6;17)(q13;?),dic(1;7)(?;?)t(6;
7(q23; q22)x2,-8,-9,-9,-10,-11,-13,-13,-13,der(13)t(1;13)(?;p11),t (14;20)(q32;?)x2,-15,-
15,dic(15;16)(?;2)x2,-18, der(18)t(6;18) (?;022),+21,+21 [cp18]

Obr. 11 — Karyotyp ziskany z mitézy buriky kostni diené pacienta a linie UHKT-944.
Karyotyp pacienta v dob¢ stanoveni diagnozy (A) a linie UHKT-944 kultivované po dobu
9 mésict (B) s pocetnimi a strukturnimi zménami identifikovanymi metodou mFISH.
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49 CHARAKTERIZACE BUNECNE LINIE UHKT-893

Bunéénd linie UHKT-893 odvozend od pacientky s MM byla ustavena v nasi
laboratoti v roce 2010 a charakterizovana v diplomové praci Mgr. Ireny Vancurové [116].

Nize jsou uvedeny vysledky analyz, které¢ byly provedeny dodate¢né¢.

4.9.1 Stanoveni mutac¢niho stavu IgVH gent

V buiikdch UHKT-893 kultivovanych po dobu 4 a 7 mésicti byla prokazana
pfitomnost somatické hypermutace ve variabilni oblasti tézkého fetézce
imunoglobulinového genu (IgVH). Byla detekovana klonalni ptestavba VH4-39, ktera

vykazovala 87,8% homologii se zdrode¢nou linii.

49.2 Cytogeneticka analyza
U linie UHKT-893 byl pomoci mFISH a klasické cytogenetické analyzy zjistén
hyperdiploidni karyotyp s vyskytem 47-52 chromozomu (Obr. 12).

8¢ 00900 ’
20 21 22 X

19

47~52<2n> X der(1)t(1;6)(q?;7q25)?trp(1)(q219?25),+8,+9,der(11)t(1;11)
(q12;925),+der(11;15)(q10;q10),der(15)t(5;15)(?p11;p11),+der(16)(7pter
—7Tpl13::7q11.2—>7q36::16q12—>16p13::7q36—7q11.2::7p13—>7pter),+19
,F21,+der(21)t(5;21)(?p11;p11)[cp25]

Obr. 12 — Karyotyp ziskany z mitézy buiiky linie UHKT-893. Karyotyp buné¢né linie
UHKT-893 kultivované po dobu 18 mésici se strukturnimi a pocetnimi zménami
identifikovanymi metodou mFISH.
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4.9.3 Ustaveni linie UHKT-893 nezavislé na IL-6
Burky (0,5 x 10° bungk/ml) linie UHKT-893 byly v priibéhu 14. mésice od

zalozeni kultury (zalozeno 16. 2. 2010) pfeneseny do Erlenmeyerovy baiiky a kultivovany
v médiu, kde byla postupné snizovana koncentrace IL-6 [116]. Po Sesti mésicich kultivace,
kdy byly buiiky postupné adaptovany na nizsi koncentraci IL-6, se podatilo ustavit linii
UHKT-893, kterd je zcela nezavisla na IL-6. Tato sublinie byla pojmenovana UHKT-893a
(Obr. 13). Zjistili jsme, ze pro optimalni ristové podminky je nutné udrzovat hustotu
bunék UHKT-893a pod 3 x 10° bungk/ml. Doba zdvojeni poétu bunék byla spoéitana na
4,2 az 5,4 dnu.

3.0 A
2.5 1

2.0

15 . —6— UHKT-893 bez IL-6

—e— UHKT-893a bez IL-6

x 109 bun¢k/ml

1.0

0.5

0.0 . .
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Obr. 13 — Kultivace bunék linie UHKT-893 a sublinie UHKT-893a bez pritomnosti
IL-6. Graf znazornujici rist bunck linie UHKT-893, kterd je stile zavisla na IL-6 a
sublinie UHKT-893a rostouci bez IL-6, kterd byla ustavena postupnym snizovanim
koncentrace IL-6 v kultivaénim médiu po dobu Sesti mésict.

4.10 VLIV SAHA A VPA NA INDUKCI APOPTOZY LINIE UHKT-
944

Pro detekci bunék v rané fazi apoptdozy a k odliSeni apoptotickych bunck od
nekrotickych byly buiiky oznaceny Annexinem-V a propidium jodidem a analyzovany na
pratokovém cytometru. Pidsobenim obou inhibitori dochazelo k translokaci
fosfatidylserinu na vnéj§i stranu cytoplazmatické membrany a ke zvySeni poctu
nekrotickych bunék. Vliv inhibitord byl zna¢né sniZzen ptitomnosti inhibitoru kaspdz Q-

VD-OPh, coz naznacuje, ze smrt bunck, kterd nastdva po plsobeni téchto inhibitori, je
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zavisla na kaspazach (Obr. 14A). Zjistili jsme, Ze SAHA 1 VPA byly schopny navodit

apoptdézu prostrednictvim aktivace efektorové kaspazy-3 (Obr. 14B,C).
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Obr. 14 — Indukce apoptéozy u linie UHKT-944 piisobenim SAHA a VPA.
Reprezentativni graf ukazujici vliv SAHA a VPA na indukci apoptdzy u linie UHKT-944
(A). Apoptéza byla méfena pomoci pritokové cytometrie za pouziti Annexinu V a
propidium jodidu. Vliv VPA (B) a SAHA (C) na aktivitu kaspazy 3, kterd byla méfena za
pouziti Caspase-3/CPP32 colorimetric assay kit. Builky byly oSetteny SAHA a VPA a
inkubovany v pfitomnosti/neptitomnosti 10 pM inhibitoru kaspaz QV-D-OPh po dobu
24 hodin. Hodnoty jsou udany jako stfedni hodnota + smérodatnd odchylka ze tii

nezavislych experimentt.
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411 VLIV MIKROPROSTREDI KOSTNI DRENE NA
ANTIPROLIFERACNI UCINEK SAHA A VPA

Abychom zjistili, zda je mikroprostfedi kostni dfené¢ schopno ochranit buiiky linie
UHKT-944 pted ptusobenim SAHA a VPA, simulovali jsme toto mikroprostfedi
prostiednictvim komeréné dostupného roztoku, ktery obsahuje slozky ECM, stromalnimi
bunkami ziskanymi kultivaci kostni dfené pacientti s MM a déle riznymi koncentracemi
IL-6. Cytotoxicky uc¢inek inhibitorti byl méfen metodou AlamarBlue. Oba inhibitory byly
pfi dané koncentraci schopny inhibovat proliferaci, kterd klesala jak se zvySujici se
koncentraci inhibitort, tak také s dobou jejich piisobeni (Obr. 16A,B).

Zjistili jsme, ze ptitomnost slozek ECM neovliviiovala cytotoxicky ucinek SAHA a
VPA a tudiz mikroprosttedi, které bylo simulovano proteiny ECM, nema ochranné u¢inky
na buitky UHKT-944 (Obr. 16B). Ochranné piisobeni ECM je dano piedevsim schopnosti
bunék vazat se k jeho proteinim. Z tohoto divodu jsme chtéli ovéfit schopnost linie
UHKT-944 adherovat ke konkrétnim slozkdm ECM, ale také k samotnému MaxGel, kde je
dle vyrobce zastoupena vétSina slozek ECM tj. vSechny typy kolagenli, laminin,
fibronektin, tenascin, elastin, proteoglykany a glykosaminglykany. V ptipadé pouziti
Millicoat 96-well ECM Screening Kit byla zjiSténa u linie UHKT-944 vyrazngjsi

schopnost vazat se k lamininu (Obr. 15).
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Obr. 15 — Adhezivita bunék linie UHKT-944 ke slozkim ECM. K ovéfeni schopnosti
bunék linie UHKT-944 adherovat k zakladnim slozkdm ECM byl pouzit Millicoat 96-well
ECM Screening Kit. Hodnoty jsou udany jako stfedni hodnota + smérodatna odchylka ze
tii experimentd.
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U desticek pokrytych MaxGel bylo zjisténo pouze 10,5 + 0,9 % navazanych bunék.
U bunécné linie HEL, ktera slouzila jako pozitivni kontrola, se navazalo 70 % bunék, ¢imz
jsme ovéfili spravné pokryti desticky MaxGel. Vysledky tedy poukazuji na velmi nizkou
schopnost linie UHKT-944 vazat se k témto slozkam.
Rozdily v proliferaci byly detekovany mezi myelomovymi bunikami kultivovanymi
s BMSCs a bez stromalnich bun¢k a to v ptipadé oSetteni SAHA (Obr. 16A). Je ziejmé, Ze
mikroprostiedi kostni dfené¢ simulované stromalnimi buiikami mé c¢aste¢ny ochranny
ucinek proti ptisobeni SAHA. Zajimalo nds, zda neni tento efekt zplisoben pouze zvySenou
koncentraci IL-6, ktery je produkovéan stromalnimi butikami, a z tohoto ditvodu byly buiky
UHKT-944 kultivovany s riznymi koncentracemi IL-6, které odpovidaly koncentraci
zjisténé v kultivaénim médiu, kterd byla pouzita jako kontrola (0,2 ng/ml), koncentraci,
ktera byla méfena po 3 dnech inkubace bunék UHKT-944 s BMSCs (1 ng/ml) a dale pak
koncentraci, jez odpovidala zhruba patnéactindsobku koncentrace v kontrolnim kultivaénim
médiu (3,3 ng/ml). Buiiky byly poté oSetteny SAHA a VPA a proliferace byla métena po
24 (Obr. 17A) a 48 hodinach (Obr. 17B) inkubace metodou AlamarBlue. NaSe data
ukazuji, ze koncentrace IL-6 odpovidajici 1 ng/ml neméla Zadny vliv, v pfipad¢ vyssi
koncentrace IL-6 (3,3 ng/ml) doSlo k mirnému snizeni antiproliferacniho t¢inku obou
inhibitord. Rozdily vSak nebyly vyhodnoceny jako statisticky vyznamné (Obr. 17A,B).
Ackoliv byly buitky UHKT-944 kultivovany v ptitomnosti IL-6, ktery byl do kultiva¢niho
média pfidavan v koncentraci 1 ng/ml, skutecna koncentrace, kterd byla méfena pomoci
elektrochemiluminisence odpovidala 0,2 ng/ml. Koncentrace byla métena opakované vzdy

v Cerstve pripraveném médiu se shodnym vysledkem.

58



=

B 24h + BMSCs O24h @48h + BMSCs 0O 48h

—
N [} (o] (o]

S (e (e [
I I I I

Proliferace (% kontroly)

[\
S
I

(e
1

0.5 mM VPA 1 mMVPA 1M SAHA 1.5 uM SAHA

B24h+ECM ©O24h @48h+ECM [O48h

I

0.5 mM VPA 1 mMVPA 1M SAHA 1.5 uM SAHA

=

100

B o)) (0]
o o o
1 1 1

Proliferace (% kontroly)

N
o
1

o
1

Obr. 16 — Inhibice bunééné proliferace piisobenim SAHA a VPA. Buiiky linie UHKT-
944 byly kultivovany v neptitomnosti ¢i pritomnosti BMSCs (A) a slozek ECM (B).
Bunky byly osetfeny SAHA a VPA a inkubovany po dobu 24 a 48 hodin. Proliferace byla
méfena metodou AlamarBlue. Hodnoty jsou udany jako stfedni hodnota + smérodatna
odchylka ze Sesti (A) a tfi (B) nezavislych experimentii. Data jsou vyjadiena jako procento
kontroly. *P<0,05.
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Obr. 17 — Inhibice bunééné proliferace piisobenim SAHA a VPA. Buiiky linie UHKT-
944 byly kultivovany v pfitomnosti riznych koncentraci IL-6. Buiiky byly oSetifeny SAHA
a VPA a inkubovany po dobu 24 (A) a 48 hodin (B). Proliferace byla méfena metodou
AlamarBlue. Hodnoty jsou udédny jako stfedni hodnota + smérodatnd odchylka ze tii
nezavislych experimentli. Data jsou vyjadiena jako procento kontroly.
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4.12 OVLIVNENI BUNECNEHO CYKLU LINIE UHKT-944 PO
PUSOBENI SAHA A VPA

Analyzou buné¢ného cyklu jsme zjistili, Ze plisobenim danych koncentraci SAHA i
VPA nedochézi k zastavé bunééného cyklu (Obr. 18A). Rozdily v distribuci jednotlivych
fazi bunéného cyklu nebyly detekovany ani mezi buitkami kultivovanymi v pfitomnosti
BMSCs a buiikami samotnymi (Obr. 18A,B). Z vysledk je tedy zfejmé, Ze oba inhibitory
ovliviiuji buné€nou proliferaci jinym mechanizmem nez je zéastava bunééného cyklu.
Pomoci priatokové cytometrie jsme také detekovali procentudlni zastoupeni bunck v tzv.
sub-G1 fazi, kterd odpovidad buitkdm v pozdni fazi apoptézy. Plsobenim obou inhibitort
dochazelo k akumulaci bunék v sub-G1 fazi (Obr. 18C). Pokud byly buiniky oSetfeny
SAHA a kultivovany 48 hodin v ptitomnosti BMSCs, doslo ke snizeni poctu bunék v sub-
Gl fazi oproti bunkam bez BMSCs. U bun¢k osetfenych 1 uM SAHA a kultivovanych
v ptitomnosti BMSCs bylo detekovano 28.3 + 10.1 % bun¢k v sub-Gl fazi, v piipadé
bez BMSCs bylo zjisténo 39.4 = 7.9 % apoptotickych bunék. U bunék osettenych 1,5 uM
SAHA pak bylo detekovano v ptfitomnosti BMSCs 32.1 + 14.9 apoptotickych bun¢k a 50.3
+ 7.1 apoptotickych bungk, kultivovanych bez BMSCs. Rozdily v§ak nebyly vyhodnoceny

jako statisticky vyznamné.
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Obr. 18 — Analyza bunééného cyklu pomoci priutokové cytometrie. Buiky linie
UHKT-944 byly kultivovany v neptitomnosti BMSCs (A) ¢i pfitomnosti BMSCs (B),
osSetfeny SAHA a VPA a inkubovany po dobu 48 hodin. Buiiky byly barveny propidium
jodidem a analyzovany pomoci pratokové cytometrie. Nebyly pozorovany signifikantni
rozdily v rozlozeni bunék v jednotlivych fazich bunééného cyklu kromé tzv. sub-G1 féze,
ktera predstavuje buiiky v pozdni fazi apoptdézy (C). Hodnoty jsou udany jako stiedni
hodnota + smérodatna odchylka ze tii nezavislych experimenta.
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4.13 OVLIVNENI SIGNALNICH DRAH JAK/STAT A PI3K/AKT
PUSOBENIM SAHA A VPA

Abychom zjistili, zda vybrané HDAC inhibitory ovliviiuji JAK/STAT a PI3K/Akt
signalni drahy, testovali jsme miru fosforylace tyrozinové kindzy JAK?2, transkripéniho
faktoru STATS3, proteinu Akt a dale zmény ve fosforylaci substratti Akt.

Plsobenim VPA doslo ke snizeni fosforylace STAT3, jak ukazuji vysledky analyzy
pomoci ELISA (Obr. 19). Piekvapivé byla fosforylace STAT3 sniZzena i1 v piipadé
kokultivace bunék s BMSCs bez osetieni VPA. Vysledky byly také potvrzeny Western
blotem, kde byla testovana mira fosforylace STAT3 a JAK2 (Obr. 20). Pasobenim VPA
doslo ke snizeni fosforylace obou testovanych proteinti. Plisobenim obou inhibitorti doslo
také ke snizeni fosforylace Akt (Obr. 20). V piipadé oSetieni bunék VPA nebyly
pozorovany zadné signifikantni rozdily ve fosforylaci testovanych proteinit mezi buitkami
kultivovanymi s BMSCs a butikami bez BMSCs. Rozdily vSak byly patrné v piipadé bunék
osSetfenych SAHA, pficemz vliv BMSCs na u¢inek SAHA byl nejvice ziejmy v ptipadé
zmén fosforylace substratt Akt (Obr. 21).
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kontrola 0.5 mM VPA 1mM VPA 1 uM SAHA 1.5 uM SAHA

p-STAT3 (Tyr705)
(Absorbance pfi 450 nm)

Obr. 19 — Vliv VPA a SAHA na fosforylaci proteinu STAT3. Buiiky byly kultivovany
v pritomnosti/neptitomnosti BMSCs, osetfeny SAHA a VPA a inkubovany po dobu 48
hodin. Mira fosforylace proteinu STAT3 (Tyr705) byla méfena pomoci ELISA kitu
PathScan® Phospho-Stat3 (Tyr705) Sandwich ELISA kit. Hodnoty jsou udany jako
sttedni hodnota + smérodatnd odchylka ze tfi nezavislych experimentt.
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Obr. 20 — Vliv SAHA a VPA na aktivitu signalnich drah JAK/STAT a PI3K/Akt. Aktivita
signalnich drah byla testovana prostfednictvim miry fosforylace proteintt JAK2 (Tyr1008), STAT3
(Tyr705) a Akt (Ser473) u bunck linie UHKT-944 kultivovanych v pfitomnosti/nepfitomnosti
BMSCs. Bunky byly inkubovany po dobu 48 hodin a nasledné byla provedena Western blot
analyza. Reprezentativni Western bloty testovanych proteint linie UHKT-944 po ptisobeni VPA
(A) a SAHA (B) a jejich grafické znazornéni (C). Hodnoty jsou udany jako stfedni hodnota +
smérodatnd odchylka ze tifi nezavislych experimenti. C/1/2 - kontrola/nizkd koncentrace
inhibitoru/vyssi koncentrace inhibitoru, BC/B1/B2 - kontrola/nizka koncentrace inhibitoru/vyssi
koncentrace inhibitoru v pfitomnosti BMSCs. Hladiny exprese proteint byly normalizovany vaci
hlading exprese B-aktinu (Actin), ktery byl pouzit jako kontrola nanaseni vzorkd.
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Obr. 21 — Zmény ve fosforylaci substrati Akt po pisobeni SAHA a VPA. Reprezentativni
Western blot ukazujici zmény fosforylace substrati Akt (b1,b2,b3) (A) a jejich grafické znazornéni
véetn¢ celkového profilu (sAkt) (B) u bunék linie UHKT-944 kultivovanych
v ptitomnosti/nepfitomnosti BMSCs. Buiiky byly inkubovany po dobu 48 hodin a nasledné byla
provedena Western blot analyza. Hodnoty jsou udany jako stfedni hodnota = smérodatna odchylka
ze tii nezavislych experimentd. C/1/2 - kontrola/nizka koncentrace inhibitoru/vyssi koncentrace
inhibitoru, BC/B1/B2 - kontrola/nizka koncentrace inhibitoru/vyssi koncentrace inhibitoru
v ptitomnosti BMSCs. Hladiny exprese proteinti byly normalizovany vici hladiné exprese -
aktinu, ktery byl pouzit jako kontrola nanaseni vzorkd.
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5 DISKUZE

Ustaveni permanentni bunééné linie je stile ndhodnou a vzacnou udalosti. Presto se
nam podafilo ustavit dvé hematopoetické bunécné linie zavislé na IL-6 a pozdéji také
sublinii nezavislou na tomto cytokinu. Tato prace byla zaméfena pifedev§im na ustaveni a
charakterizaci plazmocelularni linie UHKT-944, zaroven byly provedeny dalsi analyzy,
které¢ ptispély k detailngjSimu popisu myelomové linie UHKT-893 ustavené a zC&asti
charakterizované v ramci diplomové prace Mgr. Ireny Vancurové.

Proliferace a prezivani myelomovych bunék v zavislosti na pfitomnosti IL-6 byla
poprvé popsana Kawanem a spol. [117]. VétSina ustavenych linii odvozenych od
malignich plazmatickych buné€k je zavisla na IL-6 [102] vCetné linie UHKT-944. Nékteré
linie vyzaduji kromée IL-6 i pfitomnost dalSich faktora jako je napiiklad fibronektin [118].

Podle exprese znakti CD138 a CD38 na povrchu bunék UHKT-944 jsme prokazali
plazmatické buniky. Aberantni exprese kostimula¢niho receptoru T-lymfocyti CD28 byla
zjisténa u vétSiny PCL a MM linii véetné UHKT-944. Exprese CD28 je spojovana s
progresi onemocnéni, coz také dokladd jeho zvySend exprese u sekundarni PCL,
vyskytujici se u nemocnych s pokroc€ilym ¢i refrakternim MM [119].

Pro maligni plazmatické buiiky pacientii s MM je typickd zvySend exprese CD56
[120]. Naopak u pacientii s PCL nebyla exprese CD56 zjisténa viibec nebo pouze velmi
slabé a to jak v ptipad€ primarni tak i sekundarni PCL, jak uvadi ve své praci Pellat-
Deceunynck a spol. [121]. Autor také naznacuje, Ze absence Ci slaba exprese CD28 je
charakteristicka pro pacienty s primarni PCL a pacienty s MM, naopak zvySena exprese
CD28 byla detekovana u vétSiny pacientll se sekudarni PCL. Na zaklad¢ téchto dat by
molekula CD28 mohla slouzit pro odliSeni primarni PCL od sekundarni PCL. Povrchovy
antigen CD19 vyskytujici se na B buiikdch nebyl u pacientit s PCL detekovan, coz je také
v souladu s naSimi vysledky. Absence CD19 je charakteristickd pro primarni myelomové
bunky i myelomové bunééné studie jak dokazuje ve své studii Bataille a spol. [29].
Zvysena exprese molekul CD33, CD98 a absence ¢i nizkd exprese CD56 a CD117 jsou
spojovany se Spatnou progndézou [122-125]. Stejné imunofenotypizacni znaky byly
detekovany u bunék UHKT-944. Endoglin (CD105), ktery se uplatiiuje pfi angiogenezi,
bunécné adhezi a migraci, tzn. procesech, které vedou k expanzi a pfezivani nadorovych
bunék [126], nebyl na buitkach UHKT-944 detekovan. Absence exprese CD105, ktery byl

doposud detekovan na vsech testovanych myelomovych liniich, je vSak u linie UHKT-944
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prekvapiva [102]. Absence CD105 ale mtize byt specifickd pro PCL, nebot’ PCL linie na
tento znak dosud testovany nebyly.

U bunék UHKT-944 byla zjisténa silnd exprese inhibicniho receptoru z
imunoglobulinové skupiny CD85k a podjednotky receptoru pro IL-3 CD123. Pfitomnost
téchto molekul u linie UHKT-944 je zajimava, nebot CD85k se nachdzi na povrchu
dendritickych bun€k, monocytli a makrofagh [127] a CD123 je siln€ exprimovana pouze u
plazmacytoidnich dendritickych bun¢k a bazofilnich granulocytt [128]. Sano a spol. [129]
ve své praci zminuje pfipad akutni myeloidni leukemie napodobujici leukemii z ¢asnych
plazmacytoidnich dendritickych buné€k, kterd byla pacientovi nespravné diagnostikovana
na zakladé zvySené exprese CD4, CD56, a CD123. Transmembranovy protein CD98
(LAT1) hraje vyznamnou roli pfi vzniku nadorti a je u vétSiny nadora silné exprimovan.
Silna pozitivita CD98 byla také detekovana u linie UHKT-944. Zvysena exprese LATI je
spojovana se Spatnou prognézou pacientt s diagnostikovanym MM a odpovida kratké dobé
preziti pacienta ¢. 944 [123]. Chemokinovy receptor CD184 nebyl u ostatnich bunéénych
linii odvozenych od plazmatickych bunék v dobé€ jejich ustaveni testovan. AvSak silna
pozitivita CD184 byla detekovana na bunkach UHKT-944, ale také na plazmatickych
bunkach pacientii s MM, kde se zfejmé Ui€astni procesit spojenych s migraci a akumulaci
myelomovych bunék v kostni dfeni [130]. Povrchové znaky CD3, CD8, CD13, CDI15,
CD34 a CD65 nebyly u linie UHKT-944 prokazany, stejné jako u ostatnich linii
odvozenych od plazmatickych bunék v dobé¢ jejich ustaveni.

Analyzou jsme zjistili, Ze bukky UHKT-944 produkuji IgA1 a lehky fetézec kappa
a vysledky tak souhlasi s ndlezem IgA vséru pacienta a lehkého fetézce kappa
v pacientové moci. Na zakladé nefelometrické analyzy kondiciovaného média nebyla u
linie UHKT-944 detekovana sekrece volného lehkého fetézce. Lehké tetézce, které jsou
syntetizovany, ale nedochazi k jejich sekreci, byly zjistény i u jinych myelomovych bunék
[131]. Vybrany proteinovy spot na 2-D elektroforéze, ktery byl analyzovan na
hmotnostnim spektrometru, byl identifikovan jako lehky fetézec kappa se specificitou
vici HBsAg. Prestoze zjisténa data poukazuji pouze na podobnost a zjisténi specificity by
bylo nepravdépodobné, chtéli jsme si tuto skutenost ovétit. Dle naSich pifedpokladi byly
vysledky analyz negativni a vyslednd data je tedy nutné interpretovat jako lehky fetézec
kappa.

U linie UHKT-944 byly cytogenetickou analyzou zjistény cetné strukturni a
numerické aberace. NejcastéjSimi strukturnimi aberacemi MM a PCL jsou chromozomové

translokace zahrnujici lokus pro tézky fetézec imunoglobulinu. Vyskyt téchto translokaci
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je casto spojovan s progresi onemocnéni [132-134]. Translokace t(14;20), kterd byla
zjisténa u linie UHKT-944 a také jinych MM a PCL linii, je spojovana s horsi progndzou a
odpovidd pacientové kratké dobé preziti [135,136]. Translokace t(14;20) byla také
detekovéana ve vzorku kostni dfené pacienta, ktery byl ziskan v dobé& stanoveni diagnozy,
coz vylucuje moznost, ze by tato aberace vznikla jako disledek dlouhodobé kultivace
bunék UHKT-944 in vitro. Cytogeneticka analyza vzorkd kostni dfené pacienta a bunck
UHKT-944 odhalila pfitomnost monosomie 13, kterd je povazovana za negativni
prognosticky faktor u PCL. Translokace IgH genu v oblasti 14q32 a ztrata chromozomu 13
patifi mezi nejcastéjSi a prognosticky nejvyznamnéjsi cytogenetické nalezy u pacientli
s MM. Zaroven je chromozom 13 nejvice zastoupenym chybéjicim chromozomem mezi
bunéénymi liniemi odvozenymi od plazmatickych bunék [18,137]. Nékteré chybé&jici nebo
naopak nadpocetné chromozomy zjisténé u linie UHKT-944 lze také nalézt u
plazmocelularnich, myelomovych bunéénych linii a linii odvozenych od plazmocytomu.
Translokace t(1;9), t(1;18), t(6;18), t(15;16) a delece del(5) zjisténé u linie UHKT-944
byly popsany i u vySe zminénych bunécnych linii, avSak na jinych lokusech a jen velmi
vyjimecné. Chromozomalni aberace der(13)t(1;13) byla kromé linie UHKT-944
detekovéana také u linie FR4 odvozené od plazmocytomu [138]. Zd4 se, Ze ostatni
strukturni aberace zjisténé u linie UHKT-944 nebyly dosud u bunéénych linii odvozenych
od plazmatickych bunék popsany [102,118]. U linie UHKT-893 byl cytogenetickou
analyzou zjiStén hyperdiploidni karyotyp, pro ktery je typicky nizsi vyskyt translokaci IgH
genu. Dalsi chromozomalni aberaci, kterou miizeme nalézt ¢astéji u hyperdiploidniho typu
myelomu je zmnoZeni chromozomu 3, 5, 7, 9, 11, 15, 19 a 21 [139], coz také odpovida
nalezu trisomie 9, 19 a 21 u linie UHKT-893. Trisomie 9 a 19 jsou spojovany s lepsi
progndzou [19]. Ztrata chromozomu X u Zen, ktera byla také zjisténa u linie UHKT-893, je
jednou z dalSich pocetnich zmén chromozomu, které se ¢asto vyskytuji u MM [140].
Vétsina strukturnich aberaci zjisténych u linie UHKT-893 nebyla dosud popsana a jejich
prognosticky vyznam neni znam.

Analyza pfestaveb imunoglobulinovych genii je vyznamnym diagnostickym a
prognostickym parametrem u hematopoetickych malignit a poskytuje dikaz o
monoklondlni proliferaci nadorovych bunc¢k [141,142]. V bunkiach UHKT-944
kultivovanych 9 mésict byla detekovéana klondlni piestavba VH3-9, kterd vykazovala 91%
homologii se zarode¢nou linii. V bunikach UHKT-893 kultivovanych po dobu 4 a 7 mésicli
byla zjisténa klondlni prestavba VH4-39, kterd vykazovala 87,8% homologii se
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zarodeCnou linii. Vysledky tedy potvrzuji klonalni ptivod obou linii a ptitomnost somatické
hypermutace, které vznikaji pfi fyziologickém vyvoji B-lymfocyti.

Mikroprosttedi kostni dfen¢ hraje velkou roli v patogenezi MM a PCL a
v rezistenci k 1é€bé. Zavedeni novych 1ékli jako jsou imunomodulacni latky a inhibitory
proteasomu do lécebnych rezimi zlepsilo celkovy stav pacientl a prodlouZzilo dobu pteziti,
avSak u tady ztéchto 1€kt vznikne v prubéhu 1éCby rezistence. MM a PCL jsou stéale
povazovany za nevylécitelnd onemocnéni a je tedy nutné nadale vyvijet a testovat nové
léky, které by byly pfedevs§im schopny piekonat vliv mikroprostiedi kostni diené.

Z tohoto diivodu jsme testovali i€inek vybranych HDAC inhibitorit SAHA a VPA,
u nichz byla prokédzana schopnost indukovat apoptézu, diferenciaci a inhibovat bunéénou
proliferaci u rznych typt malignit véetné MM [143-145]. Zjistili jsme, Ze SAHA 1 VPA
jsou schopny u plazmocelularni linie UHKT-944 indukovat apoptozu, pti které dochazi k
aktivaci kaspazy-3 a inhibovat buné¢nou proliferaci. Inhibici kaspaz pomoci inhibitoru Q-
VD-OPh doslo po osetieni linie UHKT-944 SAHA a VPA ke sniZzeni po¢tu bunck jak
v Casné tak také pozdni fazi apoptodzy a je tedy ziejmé, Ze apoptdza indukovand témito
inhibitory je zéavisld na kaspazach. Jak uvadi nékteré studie, kaspadzy nemuseji byt vzdy
aktivované pfi programované bunécné smrti. Mitsiades a spol. [146] ve své praci zjistil, Zze
SAHA je schopna indukovat apoptozu u myelomové linie MM.1S bez aktivace kaspazy-3,
-8 a -9. Apoptoza byla spusténa i1 v pfipad¢ inhibice kaspdz plisobenim inhibitoru kaspaz
ZVAD-FMK coz dokazuje existenci apoptotické drahy nezavislé na kaspazach [147]. Dle
vysledki publikovanych studii mohou SAHA i VPA inhibovat bunétnou proliferaci a
indukovat na kaspazach zavislou i1 nezavislou apoptozu, véetné jiné formy bunééné smrti u
fady myelomovych linii a primarnich myelomovych bun¢k [98,101,148].

MM a PCL patfi mezi hematologické malignity, které jsou cCasto zmifované
v souvislosti s mikroprostfedim kostni dfené. Divodem je interakce myelomovych bunck
se stromalnimi bunkami kostni dfené a mimobunéénou hmotou, kterd ma za nasledek
jejich zvysenou proliferaci a prezivani. Z tohoto divodu jsme se v praci zaméfili na
studium vlivu vybranych HDACi v pfitomnosti mikroprostfedi kostni difené. SniZeni
antiproliferacniho a antiapoptotického uc¢inku 1é¢iv vlivem interakci stromalnich bunék
kostni dfen¢ s myelomovymi bunikami bylo popsano v nékolika studiich [58,59,61]. To je
v souladu i s nasimi vysledky, kdy jsme zjistili, Ze stromalni bunky vznikl¢ kultivaci kostni
dfené¢ pacienti s MM jsou schopny ¢éasteCné snizovat antiproliferacni ucinek SAHA.
Dalsim ptikladem je sniZeni citlivosti myelomovych bunék k bortezomibu vlivem interakci

s BMSCs jak uvadi Hao a spol. [149] ve své studii. Bortezomib je v soucasné dobé

69



povazovan za jeden z nejucinéjsich 1ékti u MM a to i pfesto, Ze mozny vyskyt rezistence
k tomuto I€ku byl popsan v n€kolika studiich [150].

Proliferace a prezivani myelomovych bunék je ovlivnéno nejen jejich interakei se
stromalnimi bunikami kostni dfené, ale také jejich adhezi k proteinim ECM. Adheze
myelomovych bunék k proteinim ECM ma za nasledek aktivaci signalnich drah, jejichz
aktivace prispiva k prezivani malignich buné€k nebo muize dochazet ke zvySené expresi
urc¢itych proteint, které mohou ovliviiovat bunéény cyklus nebo citlivost bunék k 1ékim
[61,62,151]. NaSe experimenty vSak nepotvrdily, Ze by adheze bunék UHKT-944
k proteiniim ECM chrénila buiiky pied antiproliferacnim u¢inkem SAHA i VPA. Jednim
z diivodi mize byt nizkd schopnost linie UHKT-944 vazat se ke slozkam pouzitého
MaxGel. Vysledky analyzy, kde byly pouZzity komercni stripy pokryté konkrétnimi
proteiny ECM, potvrdily schopnost bunék UHKT-944 vézat se vyraznéji pouze k lamininu.
Prestoze je dle vyrobce laminin soucasti MaxGel nemusi byt tato slozka pfitomna
v dostate€ném mnozstvi. Na druhé stran¢ je mozné, ze se buniky UHKT-944 mohou vézat
k jinému proteinu, ktery neni soucasti MaxGel, a k pfirozené lidské extracelularni matrici

kostni dfen¢ by buniky adherovaly Iépe.

Nase experimenty potvrdily schopnost stromalnich bun¢k kostni diené produkovat
IL-6, povazovany za stézejni cytokin MM [66]. Piedchozi studie naznacuji, Ze adheze
myelomovych bunék ke stromalnim bunkdm stimuluje sekreci IL-6 [67,152]. Nase
vysledky vSak tyto zavéry nepotvrdily. Naopak interakci stromdlnich bun€k s bunkami
UHKT-944 dochazelo k mirnému poklesu produkce IL-6 v porovnani se stromdlnimi
bunikami kultivovanymi bez ptitomnosti myelomovych bunék.

Abychom zjistili, zda sniZzeni antiproliferacniho G¢inku SAHA vlivem interakce
BMSCs s bunikami UHKT-944 neni pouze disledkem zvysené sekrece IL6, byly buiky
kultivovany v ptitomnosti riznych koncentraci IL-6 a oSetfeny SAHA a VPA. Proliferace
byla métena po 24 a 48 hodinach inkubace metodou AlamarBlue. Koncentrace IL-6 1
ng/ml, jez byla zjiSténa v ptipad¢ kultivace linie UHKT-944 s BMSCs, vyznamné
neovliviiovala antiprolifera¢ni u¢inek SAHA i VPA, naopak pisobenim IL-6 v koncentraci
3,3 ng/ml doSlo k castecnému snizeni antiproliferaniho ucinku obou inhibitord.
Z vysledkli lze usuzovat, ze k ochrannému efektu mikroprostfedi kostni diené¢ mize
ptispivat samotny cytokin, v naSem piipadé vyssi koncentrace IL-6, ale také interakce
stromélnich bunék ¢i pfitomnost jinych faktord, které jsou témito buitkami produkovény,

coz také doklada rada studii [58,153,154].
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HDAC inhibitory jsou znamy svou schopnosti indukovat zastavu bunééného cyklu
v riznych typech nadorit véetné MM [148,155,156]. Analyzou bunétného cyklu jsme
zjistili, Ze dané koncentrace SAHA i VPA nemaji vyrazny vliv na distribuci bunék UHKT-
944 v jednotlivych fazich bunééného cyklu a ovliviiuji tudiz bunécnou proliferaci jinym
mechanizmem uc¢inku. Rozdily v zastoupeni bunék v jednotlivych fazich bunééného cyklu
nebyly pozorovany ani mezi buiikami kultivovanymi v pfitomnosti BMSCs a buitkami bez
BMSCs. V souladu s naSimi zavéry, Du a spol. [157] dokazuje, Ze butyrat sodny, latka ze
skupiny HDAC inhibitort, neni schopna indukovat zastavu bunééného cyklu v G1 fazi. Ke
stejnym zavérim dospél i Gao a spol. [158], ktery zjistil, Ze panobinostat, 1€k s inhibi¢nim
ucinkem na HDAC, ktery byl v nedavné dobé schvaleny pro lécbu myelomu [94], neni
schopen navodit zastavu bunécného cyklu a to ani v kombinaci s inhibitorem proteazomu
carfilzomibem. Rozdilnd schopnost latek indukovat zastavu bunééného cyklu muize byt
zapti¢inéna predevsim riznymi typy testovanych bunécnych linii.

Dale jsme zkoumali vliv HDAC inhibitord na signalni drahy JAK/STAT a
PI3K/Akt, jejichz permanentni aktivace ma za pfi¢inu proliferaci a pfezivani
myelomovych bunék. Pomérné piekvapivé se VPA projevila jako inhibitor fosforylace
STAT3. Zajimavé je, ze k vyraznému snizeni fosforylace STAT3 doslo i v pfipade
kultivace bunék UHKT-944 v ptitomnosti BMSCs, kde jsme ptfedpokladali pouze ¢astecny
efekt. Dlivodem naseho ptfedpokladu byla nami ovéfend schopnost BMSCs produkovat
velké mnozstvi IL-6, ktery je odpovédny za aktivaci JAK/STAT signalni drahy [159].
Z naSich vysledkii vyplyva, Ze inhibice signdlni drahy JAK/STAT by mohla byt jednim
z mechanizmii G¢inku VPA na MM ¢i PCL. Schopnost VPA selektivné inhibovat
fosforylaci STAT3 byla poprvé popsana Zhuem a spol. [160] na NK buiikdch. Kromé VPA
miize byt JAK/STAT signalni drédha u myelomovych bunék blokovana inhibitorem JAK
AZD1480 a to i v ptipad¢ kokultivace bun¢k s BMSCs, coz je v souladu s vysledky naSich
experimentt [161].

Western blot analyzou jsme zjistili, ze SAHA 1 VPA inhibuji fosforylaci Akt, coz
miize byt dals$i z mechanizmi ¢inku téchto inhibitord na MM a PCL. PI3K/Akt draha je
aktivovana IL-6 a IGF, [162,163] které¢ jsou produkovany BMSCs, avSak vliv
mikroprostiedi, ktery by se projevil zvySenou fosforylaci Akt, nebyl v ptipadé¢ bunck
oSetfenych VPA detekovan. Western blot analyza odhalila rozdily ve fosforylaci proteind
JAK2, Akt a Akt substratli a to mezi bunkami kultivovanymi s BMSCs a bez BMSCs
oSettenymi SAHA. Domnivame se, ze tento efekt mlze byt zpisoben piitomnosti

stromalnich bunék.
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6 ZAVER

Ustaveni permanentni bunétné linie je stdle ndhodnou udélosti s velmi malou
uspésnosti. Presto se nam podafilo ustavit dvé bunééné linie zavislé na IL-6 s charakterem
plazmatickych bun€k a pozdéji také sublinii nezavislou na IL-6. Linie UHKT-893 byla
charakterizovana v diplomové praci Mgr. Ireny Vancurové. V této disertacni praci jsme se
zaméfili na detailni charakterizaci plazmocelularni linie UHKT-944 a zaroven byly u linie
UHKT-893 provedeny dal$i analyzy zahrnujici mimo jiné vysetieni klonalni piestavby
IgVH geni a cytogenetickou analyzu, které piispély k detailn&j$i charakterizaci této
bunécné linie. U linie UHKT-944 byl prokazan fenotyp malignich plazmatickych bun¢k a
zjiSténa produkce imunoglobulinu IgAl-kappa. Cytogenetickou analyzou byl prokazan
témef tetraploidni karyotyp s numerickymi a strukturnimi aberacemi. Vysledky analyzy
pfestaveb imunoglobulinovych genii potvrdily klondlni ptvod linie UHKT-944 a
pfitomnost somatické hypermutace ve variabilni oblasti téZkého fetézce
imunoglobulinového genu. Ustavené bunécéné linie jsou nepostradatelnym ndstrojem pro
studium patogeneze tohoto onemocnéni jak na bunécné, tak také molekularni Grovni. Obé
linie UHKT-893 i UHKT-944 byly zaslany do némecké sbirky mikroorganizmt a
bunécénych kultur (DSMZ, Braunschweig) a jsou voln¢ k dispozici pro vyzkumné ucely.
Sesterska linie UHKT-893a nezédvisla na IL-6 bude uzite¢nym modelem pro studium vlivu

tohoto cytokinu na buné¢nou signalizaci u mnohocetného myelomu.

Ve druhé ¢asti disertacni prace jsme se zaméfili na studium vlivu HDAC inhibitora
VPA a SAHA na buné¢nou linii UHKT-944 v pfitomnosti ¢i nepfitomnosti mikroprostfedi
kostni dfené. Zjistili jsme, ze SAHA 1 VPA indukuji apoptézu zévislou na kaspdzach a
inhibuji bunécny rist. Nebyl vSak u nich pozorovan vliv na zastoupeni bunck
v jednotlivych fazich bunéného cyklu. NaSe vysledky ukazuji, Ze jednim z mechanizmu
plsobeni VPA na tyto buriky je inhibice JAK/STAT signalni drahy. Dale jsme prokézali,
ze pusobeni inhibitord je ovlivnéno mikroprosttedim buiky piedevSim piitomnosti
stromalnich bunék z kostni dfené¢ pacienti s MM. Nase vysledky naznacuji, Ze SAHA 1
VPA by mohly ptedstavovat slibné latky v terapii PCL i MM. Mikroprostiedi kostni dfen¢
bychom neméli opomenout v piipad¢ testovani novych potencidlnich 1€k proti t€émto

hematologickym malignitdm.

72



7 POUZITA LITERATURA

(1]

(2]
(3]
(4]
(3]
(6]
(7]
(8]
(9]

[10]

[11]
[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

Sant M, Allemani C, Tereanu C, De Angelis R, Capocaccia R, Visser O, Marcos-Gragera R,
Maynadi¢ M, Simonetti A, Lutz JM, Berrino F; HAEMACARE Working Group. Incidence of
hematologic malignancies in Europe by morphologic subtype: results of the HAEMACARE project.
Blood 2010; 116: 3724-3734.

Adam Z, Krej¢i M, Vorlicek J. Hematologie: piehled malignich hematologickych nemoci. 2., dopl. a
zcela preprac. vyd. Praha: Grada 2008. ISBN 9788024725024.

Pour L, Hajek R, Adam Z, Krejci M, Vorlicek J. Vyznam autologni transplantace u mnohocetného
myelomu. Vnitt Lék 2009:767-772.

San-Miguel JF, Mateos M-V. Can multiple myeloma become a curable disease? Haematologica 2011;
96: 1246-1248.

Kyle RA, Rajkumar SV. Multiple myeloma. Blood 2008; 111: 2962-2972.

Kyle RA, Rajkumar SV. Multiple myeloma. N Engl ] Med 2004; 351: 1860-1873.

Adam Z, Hajek R, Mayer J, S¢udla V, Vorlicek J a kolektiv. Mnohocetny myelom a dalsi
monoklonalni gamapatie. Brno: Masarykova univerzita 1999. ISBN 80-210-2034-2.

Adam Z, Vorli¢ek J, Vanicek J a kolektiv. Diagnostické a 1écebné postupy u malignich chorob:
Druhé, aktualizované a doplnéné vydani. Praha: Grada 2004. ISBN 80-247-0896-5.

Blad¢ J, Kyle RA. Nonsecretory myeloma, immunoglobulin D myeloma, and plasma cell leukemia.
Hematol Oncol Clin North Am 1999; 13: 1259-1272.

Smani SZ, Nair B, Qu P, Hansen E, Zhang Q, Petty N, Waheed S, Shaughnessy JD Jr, Alsayed Y,
Heuck CJ, van Rhee F, Milner T, Hoering A, Szymonifka J, Sexton R, Sawyer J, Singh Z, Crowley J,
Barlogie B. Primary plasma cell leukemia: clinical and laboratory presentation, gene-expression
profiling and clinical outcome with Total Therapy protocols. Leukemia 2012; 26: 2398-2405.
Gluzinski A, Reichenstein M. Myeloma und Leucaemia lymphatica plasmocellularis. Wien Klin
Wochensch 1906; 18: 336-339.

Kyle RA, Maldonado JE, Bayrd ED. Plasma cell leukemia. Report on 17 cases. Arch Intern Med
1974; 133: 813-818.

Noel P, Kyle RA. Plasma cell leukemia: an evaluation of response to therapy. Am J Med 1987; 83:
1062-1068.

Shtalrid M, Shvidel L, Vorst E. Polyclonal reactive peripheral blood plasmacytosis mimicking plasma
cell leukemia in a patient with Staphylococcal sepsis. Leuk Lymphoma 2003; 44: 379-380.
Tiedemann RE, Gonzalez-Paz N, Kyle RA, Santana-Davila R, Price-Troska T, Van Wier SA, Chng
WIJ, Ketterling RP, Gertz MA, Henderson K, Greipp PR, Dispenzieri A, Lacy MQ, Rajkumar SV,
Bergsagel PL, Stewart AK, Fonseca R. Genetic aberrations and survival in plasma cell leukemia.
Leukemia 2008; 22: 1044-1052.

Adam Z, Straub J, Pour L, Krejéi M, Neubauer J, Vani¢ek J. Casnou diagnézou mnohoéetného
myelomu k lepsi kvalité Zivota nemocnnych. CES GER REV 2007; 5: 180-201.

van Wier S, Braggio E, Baker A, Ahmann G, Levy J, Carpten JD, Fonseca R. Hypodiploid multiple
myeloma is characterized by more aggressive molecular markers than non-hyperdiploid multiple
myeloma. Haematologica 2013; 98: 1586-1592.

Avet-Loiseau H, Daviet A, Brigaudeau C, Callet-Bauchu E, Terré C, Lafage-Pochitaloff M, Désangles
F, Ramond S, Talmant P, Bataille R. Cytogenetic, interphase, and multicolor fluorescence in situ
hybridization analyses in primary plasma cell leukemia: a study of 40 patients at diagnosis, on behalf
of the Intergroupe Francophone du Myélome and the Groupe Frangais de Cytogénétique
Hématologique. Blood 2001; 97: 822-825.

Avet-Loiseau H, Li C, Magrangeas F, Gouraud W, Charbonnel C, Harousseau JL, Attal M, Marit G,
Mathiot C, Facon T, Moreau P, Anderson KC, Campion L, Munshi NC, Minvielle S. Prognostic
significance of copy-number alterations in multiple myeloma. J Clin Oncol 2009; 27: 4585-4590.
Garcia-Sanz R, Orfao A, Gonzalez M, Tabernero MD, Bladé J, Moro MJ, Fernandez-Calvo J, Sanz
MA, Pérez-Simon JA, Rasillo A, Miguel JF. Primary plasma cell leukemia: clinical,
immunophenotypic, DNA ploidy, and cytogenetic characteristics. Blood 1999; 93: 1032-1037.

Shin HJ, Kim K, Lee JJ, Song MK, Lee EY, Park SH, Kim SH, Jang MA, Kim SJ, Chung JS. The
t(11;14)(q13;932) translocation as a poor prognostic parameter for autologous stem cell
transplantation in myeloma patients with extramedullary plasmacytoma. Clin Lymphoma Myeloma
Leuk 2015; 15: 227-235.

Nahi H, Sutlu T, Jansson M, Alici E, Gahrton G. Clinical impact of chromosomal aberrations in
multiple myeloma. JIntern Med 2011; 269: 137-147.

73



(23]
[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]
[35]

[36]
[37]
[38]

[39]

[40]
[41]
[42]

[43]

[44]

Kalff A, Spencer A. The t(4;14) translocation and FGFR3 overexpression in multiple myeloma:
prognostic implications and current clinical strategies. Blood Cancer J 2012; 2:e89.

Morgan GJ, Walker BA, Davies FE. The genetic architecture of multiple myeloma. Nat Rev Cancer
2012; 12: 335-348.

Paiva B, Almeida J, Pérez-Andrés M, Mateo G, Lopez A, Rasillo A, Vidriales MB, Lopez-Berges
MC, Miguel JF, Orfao A. Utility of flow cytometry immunophenotyping in multiple myeloma and
other clonal plasma cell-related disorders. Cytometry B Clin Cytom 2010; 78: 239-252.
Pellat-Deceunynck C, Bataille R. Normal and malignant human plasma cells: proliferation,
differentiation, and expansions in relation to CD45 expression. Blood Cells Mol Dis 2004; 32: 293-
301.

Robillard N, Pellat-Deceunynck C, Bataille R. Phenotypic characterization of the human myeloma
cell growth fraction. Blood 2005; 105: 4845-4848.

Chang H, Samiee S, Yi QL. Prognostic relevance of CD56 expression in multiple myeloma: a study
including 107 cases treated with high-dose melphalan-based chemotherapy and autologous stem cell
transplant. Leuk Lymphoma 2006; 47: 43-47.

Bataille R, Jégo G, Robillard N, Barillé-Nion S, Harousseau JL, Moreau P, Amiot M, Pellat-
Deceunynck C. The phenotype of normal, reactive and malignant plasma cells. Identification of
"many and multiple myelomas" and of new targets for myeloma therapy. Haematologica 2006; 91:
1234-1240.

Robillard N, Jego G, Pellat-Deceunynck C, Pineau D, Puthier D, Mellerin MP, Barillé S, Rapp MJ,
Harousseau JL, Amiot M, Bataille R. CD28, a marker associated with tumoral expansion in multiple
myeloma. Clin Cancer Res 1998; 4: 1521-1526.

Sahara N, Thara M, Ono T, Tamashima S, Matsui H, Takeshita A, Ohno R. Multiple myeloma
expressing CD19(+)CD56(-) phenotype. Am J Hematol 2000; 64: 311-313.

Sahara N, Ohnishi K, Ono T, Sugimoto Y, Kobayashi M, Takeshita K, Shigeno K, Nakamura S, Naito
K, Tamashima S, Nara K, Tobita T, Takeshita A, Ohno R. Clinicopathological and prognostic
characteristics of CD33-positive multiple myeloma. Eur J Haematol 2006; 77: 14-18.

van de Donk NW, Lokhorst HM, Anderson KC, Richardson PG. How I treat plasma cell leukemia.
Blood 2012; 120: 2376-2389.

Moria A. Gertz and Francis K. Buadi. Plasma cell leukemia. Haematologica 2010; 95: 705-707.
Hayman SR, Fonseca R. Plasma cell leukemia Current Treatment Options in Oncology 2001; 2: 205-
216.

Hajek R, Adam Z, Maisnar V akol., Ceska myelomova skupina. Souhrn doporuceni 2009
,,Diagnostika a 1é¢ba mnohocetného myelomu®. Transfuze a hematologie dnes 2009; 15 (suppl. 2): 1-
80.

Avigan D, Rosenblatt J. Current treatment for multiple myeloma. N Engl J Med 2014; 371: 961-962.
Sou¢asné moznosti 1é¢by mnoho&etného myelomu. Casopis Remedia. [online]. 2010 leden [cit. 2016-
08-01]. Dostupné z: http://www.remedia.cz/

Ocio EM, Richardson PG, Rajkumar SV, Palumbo A, Mateos MV, Orlowski R, Kumar S, Usmani S,
Roodman D, Niesvizky R, Einsele H, Anderson KC, Dimopoulos MA, Avet-Loiseau H, Mellqvist
UH, Turesson I, Merlini G, Schots R, McCarthy P, Bergsagel L, Chim CS, Lahuerta JJ, Shah J,
Reiman A, Mikhael J, Zweegman S, Lonial S, Comenzo R, Chng WJ, Moreau P, Sonneveld P,
Ludwig H, Durie BG, Miguel JF. New drugs and novel mechanisms of action in multiple myeloma in
2013: a report from the International Myeloma Working Group IMWG). Leukemia 2014; 28: 525-
542.

San Miguel JF, Mateos MV, Pandiella A. Novel drugs for multiple myeloma. Hematology 2006; 2:
205-211.

Kamakshi V. Rao. Lenalidomide in the Treatment of Multiple Myeloma. Am J Health Syst Pharm
2007; 64:1799-1807.

McCurdy AR, Lacy MQ. Pomalidomide and its clinical potential for relapsed or refractory multiple
myeloma: an update for the haematologist. Ther Adv Hematol 2013; 4: 211-216.

Richardson PG, Barlogie B, Berenson J, Singhal S, Jagannath S, Irwin D, Rajkumar SV, Srkalovic G,
Alsina M, Alexanian R, Siegel D, Orlowski RZ, Kuter D, Limentani SA, Lee S, Hideshima T,
Esseltine DL, Kauffman M, Adams J, Schenkein DP, Anderson KC. A phase 2 study of bortezomib in
relapsed, refractory myeloma. N Engl J Med 2003 Jun 26;348(26):2609-17.

Vij R, Siegel DS, Jagannath S, Jakubowiak AJ, Stewart AK, McDonagh K, Bahlis N, Belch A,
Kunkel LA, Wear S, Wong AF, Wang M. An open-label, single-arm, phase 2 study of single-agent
carfilzomib in patients with relapsed and/or refractory multiple myeloma who have been previously
treated with bortezomib. Br J Haematol 2012; 158: 739-748.

74



[45]

[46]

[47]

(48]

[49]

[50]
[51]

[52]

[53]

[54]

[55]

[57]

[58]
[59]

[60]

[61]

[62]
[63]

[64]

[65]

Gado K, Domjan G, Hegyesi H, Falus A. Role of INTERLEUKIN-6 in the pathogenesis of multiple
myeloma. Cell Biol Int 2000; 24: 195-209.

Shah JJ, Feng L, Thomas SK, Berkova Z, Weber DM, Wang M, Qazilbash MH, Champlin RE,
Mendoza TR, Cleeland C, Orlowski RZ. Siltuximab (CNTO 328) with lenalidomide, bortezomib and
dexamethasone in newly-diagnosed, previously untreated multiple myeloma: an open-label phase I
trial. Blood Cancer J 2016; 6:¢396.

Richardson PG, Badros AZ, Jagannath S, Tarantolo S, Wolf JL, Albitar M, Berman D, Messina M,
Anderson KC. Tanespimycin with bortezomib: activity in relapsed/refractory patients with multiple
myeloma. Br J Haematol 2010; 150: 428-437.

Richardson PG, Chanan-Khan AA, Lonial S, Krishnan AY, Carroll MP, Alsina M, Albitar M, Berman
D, Messina M, Anderson KC. Tanespimycin and bortezomib combination treatment in patients with
relapsed or relapsed and refractory multiple myeloma: results of a phase 1/2 study. Br J Haematol
2011; 153: 729-740.

Mitsiades CS, Mitsiades NS, Munshi NC, Richardson PG, Anderson KC. The role of the bone
microenvironment in the pathophysiology and therapeutic management of multiple myeloma:
interplay of growth factors, their receptors and stromal interactions. Eur J Cancer 2006; 42: 1564-
1573.

Balakumaran A, Robey PG, Fedarko N, Landgren O. Bone marrow microenvironment in myeloma
genesis: its potential role in early diagnosis. Expert Rev Mol Diagn 2010; 10: 465-480.

Bruno B, Giaccone L, Rotta M, Anderson K, Boccadoro M. Novel targeted drugs for the treatment of
multiple myeloma: from bench to bedside. Leukemia 2005 Oct;19(10):1729-38.

Chauhan D, Uchiyama H, Akbarali Y, Urashima M, Yamamoto K, Libermann TA, Anderson KC.
Multiple myeloma cell adhesion-induced interleukin-6 expression in bone marrow stromal cells
involves activation of NF-kappa B. Blood 1996; 87: 1104-1112.

Gupta D, Treon SP, Shima Y, Hideshima T, Podar K, Tai YT, Lin B, Lentzsch S, Davies FE, Chauhan
D, Schlossman RL, Richardson P, Ralph P, Wu L, Payvandi F, Muller G, Stirling DI, Anderson KC.
Adherence of multiple myeloma cells to bone marrow stromal cells upregulates vascular endothelial
growth factor secretion: therapeutic applications. Leukemia. 2001; 15: 1950-1961.

Cook G, Dumbar M, Franklin IM. The role of adhesion molecules in multiple myeloma. Acta
Haematol 1997; 97: 81-89.

Ridley RC, Xiao H, Hata H, Woodliff J, Epstein J, Sanderson RD. Expression of syndecan regulates
human myeloma plasma cell adhesion to type I collagen. Blood 1993; 81: 767-774.56. Dhodapkar
MV, Abe E, Theus A, Lacy M, Langford JK, Barlogic B, Sanderson RD. Syndecan-1 is a
multifunctional regulator of myeloma pathobiology: control of tumor cell survival, growth, and bone
cell differentiation. Blood 1998; 91: 2679-2688.

van Driel M, Gunthert U, Stauder R, Joling P, Lokhorst HM, Bloem AC. CD44 isoforms distinguish
between bone marrow plasma cells from normal individuals and patients with multiple mye, (2) IL-6
regulates CD44 cell surface expression on human myeloma cells. Leukemia 1998; 12: 1821-8.
Cheung WC, Van Ness B. The bone marrow stromal microenvironment influences myeloma
therapeutic response in vitro. Leukemia 2001;15: 264-271.

Grigorieva I, Thomas X, Epstein J. The bone marrow stromal environment is a major factor in
myeloma cell resistance to dexamethasone. Exp Hematol 1998; 26: 597-603.

Markovina S, Callander NS, O'Connor SL, Kim J, Werndli JE, Raschko M, Leith CP, Kahl BS, Kim
K, Miyamoto S. Bortezomib-resistant nuclear factor—kB activity in multiple myeloma cells. Mol
Cancer Res 2008; 6: 1356-1364.

Damiano JS, Cress AE, Hazlehurst LA, Shtil AA, Dalton WS. Cell adhesion mediated drug resistance
(CAM-DR): role of integrins and resistance to apoptosis in human myeloma cell lines. Blood 1999;
93: 1658-1667.

Ding Y, Shen Y. Notch increased vitronection adhesion protects myeloma cells from drug induced
apoptosis. Biochem Biophys Res Commun 2015; 467: 717-722.

Hardin J, MacLeod S, Grigorieva I, Chang R, Barlogie B, Xiao H, Epstein J. Interleukin-6 prevents
dexamethasone-induced myeloma cell death. Blood 1994; 84: 3063-3070.

Goto H, Shimazaki C, Tatsumi T, Yamagata N, Fujita N, Tsuchiya M, Koishihara Y, Ohsugi Y,
Nakagawa M. Establishment of a novel myeloma cell line KPMM2 carrying t(3;14)(q21;q32), which
proliferates specifically in response to interleukin-6 through an autocrine mechanism. Leukemia 1995;
9: 711-718.

Shirato L, Otsuki T, Yamada O, Namba M, Nakajima H, Nozawa Y, Ueki A, Yawata Y. Down
regulation of protein kinase C during growth enhancement induced by interleukin-6 on a human
myeloma cell line, KMS-11. Cancer Lett 1996; 107: 131-136.

75



[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74

[75]

[76]

[77]

(78]

[79]
[80]

[81]

[82]

[83]
[84]

[85]
[86]

[87]
[88]
[89]

[90]

Rougier F, Cornu E, Praloran V, Denizot Y. IL-6 and IL-8 production by human bone marrow stromal
cells. Cytokine 1998; 10: 93-97.

Uchiyama H, Barut BA, Mohrbacher AF, Chauhan D, Anderson KC. Adhesion of human myeloma-
derived cell lines to bone marrow stromal cells stimulates interleukin-6 secretion. Blood 1993; 82:
3712-3720.

Dankbar B, Padr6o T, Leo R, Feldmann B, Kropff M, Mesters RM, Serve H, Berdel WE, Kienast J.
Vascular endothelial growth factor and interleukin-6 in paracrine tumor-stromal cell interactions in
multiple myeloma. Blood 2000; 95: 2630-2636.

Bommert K, Bargou RC, Stithmer T. Signalling and survival pathways in multiple myeloma. Eur J
Cancer 2006; 42: 1574-1580.

Chatterjee M, Stithmer T, Herrmann P, Bommert K, Dérken B, Bargou RC. Combined disruption of
both the MEK/ERK and the IL-6R/STAT3 pathways is required to induce apoptosis of multiple
myeloma cells in the presence of bone marrow stromal cells. Blood 2004; 104: 3712-3721.

Bharti AC1, Shishodia S, Reuben JM, Weber D, Alexanian R, Raj-Vadhan S, Estrov Z, Talpaz M,
Aggarwal BB. Nuclear factor-kappaB and STAT3 are constitutively active in CD138+ cells derived
from multiple myeloma patients, and suppression of these transcription factors leads to apoptosis.
Blood 2004; 103: 3175-3184.

Tu Y, Gardner A, Lichtenstein A. The phosphatidylinositol 3-kinase/AKT kinase pathway in multiple
myeloma plasma cells: roles in cytokine-dependent survival and proliferative responses. Cancer Res
2000; 60: 6763-6770.

Sprynski A.C., Hose D., Caillot L., Réme T., Shaughnessy J.D. Jr., Barlogie B., Seckinger A.,
Moreaux J., Hundemer M., Jourdan M., Meissner T., Jauch A., Mahtouk K., Kassambara A., Bertsch
U., Rossi J.F., Goldschmidt H., Klein B. The role of IGF-1 as a major growth factor for myeloma cell
lines and the prognostic relevance of the expression of its receptor. Blood 2009, 113: 4614- 4626.
Qiang YW, Yao L, Tosato G, Rudikoff S. Insulin-like growth factor I induces migration and invasion
of human multiple myeloma cells. Blood 2004; 103: 301-308.

Chauhan D, Uchiyama H, Akbarali Y, Urashima M, Yamamoto K, Libermann TA, Anderson KC.
Multiple myeloma adhesion-induced interleukin-6 expression in bone marrow stromal cells involves
activation of NF—kB. Blood 1996; 87: 1104—1112.

Ni H, Ergin M, Huang Q, Qin JZ, Amin HM, Martinez RL, Saced S, Barton K, Alkan S. Analysis of
expression of nuclear factor kappa B (NF-kappa B) in multiple myeloma: downregulation of NF-
kappa B induces apoptosis. Br J Haematol 2001; 115: 279-286.

von Kénel T, Huber AR. DNA methylation analysis. Swiss Med Wkly 2013; 143:w13799.

Kim JK, Samaranayake M, Pradhan S. Epigenetic Mechanisms in Mammals. Cell Mol Life 2009; 66:
596-612.

Kulis M, Esteller M DNA methylation and cancer. Adv Genet 2010; 70: 27-56.

Klener P. Nova protinadorova 1éciva a lécebné strategie v onkologii. Praha: Grada 2010. ISBN 978-
80-247-2808-7.

Chen GH, Wu DP, Lin FR, Wang Y, Huang HW, Chang HR. Preliminary study on 5-azacytidine anti-
myeloma activity in vitro. Zhongguo Shi Yan Xue Ye Xue Za Zhi 2009; 17: 602-606.

Ikura T, Ogryzko VV, Grigoriev M, Groisman R, Wang J, Horikoshi M, Scully R, Qin J, Nakatani Y.
Involvement of the TIP60 histone acetylase complex in DNA repair and apoptosis. Cell 2000; 102:
463-473.

Bannister AJ, Kouzarides T. Regulation of chromatin by histone modifications Cell Res 2011; 21:
381-395.

Whittle N, Singewald N. HDAC inhibitors as cognitive enhancers in fear, anxiety and trauma therapy:
where do we stand? Biochem Soc Trans 2014; 42: 569-581.

Roth SY, Denu JM, Allis CD. Histone acetyltransferases. Annu Rev Biochem 2001; 70: 81-120.
Dhalluin C, Carlson JE, Zeng L, He C, Aggarwal AK, and Zhou MM Structure and ligand of a
histone acetyltransferase bromodomain. Nature, 1999; 399, 491-496.

Brownell, JE, Allis CD. Special HATs for special occasions: linking histone acetylation to chromatin
assembly and gene activation. Curr. Opin. Genet. Dev 1996; 6: 176—184.

Lee KK, Workman JL. Histone acetyltransferase complexes: one size doesn't fit all. Nat Rev Mol Cell
Biol 2007; 8: 284-295.

Glozak MA, Sengupta N, Zhang X, Seto E. Acetylation and deacetylation of non-histone proteins.
Gene 2005; 363: 15-23.

Kyrylenko S, Kyrylenko O, Suuronen T, Salminen A. Differential regulation of the Sir2 histone
deacetylase gene family by inhibitors of class I and II histone deacetylases. Cell Mol Life Sci 2003;
60: 1990-1997.

76



[91]

[92]
(93]
[94]

[95]

[96]

[97]

(98]

[99]

[100]
[101]
[102]
[103]
[104]
[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

Caron H, van Schaik B, van der Mee M, Baas F, Riggins G, van Sluis P, Hermus MC, van Asperen R,
Boon K, Voite PA, Heisterkamp S, van Kampen A, Versteeg R. The human transcriptome map:
clustering of highly expressed genes in chromosomal domains. Science 2001; 291: 1289-1292.

Lane AA, Chabner BA. Histone deacetylase inhibitors in cancer therapy. J Clin Oncol 2009; 27: 5459
-5468.

Mai A, Massa S, Rotili D, Cerbara I, Valente S, Pezzi R, Simeoni S, Ragno R Histone deacetylation in
epigenetics: an attractive target for anticancer therapy. Med Res Rev 2005; 25: 261-309.

Laubach JP, Moreau P2, San-Miguel JF3, Richardson PG4 Panobinostat for the Treatment of Multiple
Myeloma. Clin Cancer Res 2015; 21: 4767-4773.

Xu Y, Voelter-Mahlknecht S, Mahlknecht U. The histone deacetylase inhibitor suberoylanilide
hydroxamic acid down-regulates expression levels of Ber-abl, c-Myc and HDACS3 in chronic myeloid
leukemia cell lines. Int J Mol Med 2005; 15: 169-172.

Kaufman JL, Fabre C, Lonial S, Richardson PG. Histone deacetylase inhibitors in multiple myeloma:
rationale and evidence for their use in combination therapy. Clin Lymphoma Myeloma Leuk 2013;
13: 370-376.

Gottlicher M, Minucci S, Zhu P, Kramer OH, Schimpf A, Giavara S, Sleeman JP, Lo Coco F, Nervi
C, Pelicci PG, Heinzel T. Valproic acid defines a novel class of HDAC inhibitors inducing
differentiation of transformed cells. EMBO J 2001; 20: 6969-6978.

Kawagoe R, Kawagoe H, Sano K. Valproic acid induces apoptosis in human leukemia cells by
stimulating both caspase-dependent and -independent apoptotic signaling pathways. Leuk Res 2002;
26: 495-502.

Heo SK, Noh EK, Yoon DJ, Jo JC, Park JH, Kim H. Dasatinib accelerates valproic acid-induced acute
myeloid leukemia cell death by regulation of differentiation capacity. PLoS One 2014; 9: €98859.
Kuendgen A, Strupp C, Aivado M, Bernhardt A, Hildebrandt B, Haas R, Germing U, Gattermann N.
Treatment of myelodysplastic syndromes with valproic acid alone or in combination with all-trans
retinoic acid. Blood 2004; 104:1266-1269.

Schwartz C1, Palissot V, Aouali N, Wack S, Brons NH, Leners B, Bosseler M, Berchem G Valproic
acid induces non-apoptotic cell death mechanisms in multiple myeloma cell lines. Int J Oncol 2007;
30: 573-582.

Drexler HG. Guide to leukemia—lymphoma cell lines, 2nd ed. Braunschweig; 2010 [CD medium].
Epstein MA, Achong BG, Barr YM. Virus Particles In Cultured Lymphoblasts From Burkitt's
Lymphoma. Lancet 1964 Mar 28; 1:702-3.

Foley GE, Lazarus H, Farber S, Uzman BG, Boone BA, Mccarthy RE. Continuous Culture Of Human
Lymphoblasts From Peripheral Blood Of A Child With Acute Leukemia. Cancer 1965 Apr; 18: 522-9.
Moore GE, Kitamura H. Cell line derived from patient with myeloma. N Y State J Med. 1968; 68:
2054-2060.

Nilsson K, Bennich H, Johansson SG, Pontén J. Established immunoglobulin producing myeloma
(IgE) and lymphoblastoid (IgG) cell lines from an IgE myeloma patient. Clin Exp Immunol 1970; 7:
477-489.

Lozzio CB, Lozzio BB. Human chronic myelogenous leukemia cell-line with positive Philadelphia
chromosome. Blood 1975; 45: 321-334.

Gallagher R, Collins S, Trujillo J, McCredie K, Ahearn M, Tsai S, Metzgar R, Aulakh G, Ting R,
Ruscetti F, Gallo R. Characterization of the continuous, differentiating myeloid cell line (HL-60) from
a patient with acute promyelocytic leukemia. Blood 1979; 54: 713-733.

Drabek J. Detekce nadorovych biomarkerti v molekularné biologické laboratofi. Olomouc: Univerzita
Palackého v Olomouci 2012. ISBN 978-80-244-3002-7.

Pekova S, Markova J, Pajer P, Dvorak M, Cetkovsky P, Schwarz J. Touch — down reverse
transcriptase — PCR detection of IgVH rearrangement and Sybr — green — based real — time RT — PCR
quantitation of minimal residual disease in patients with chronic lymphocytic leukemia. Mol Diagn
2005; 9: 23-34.

Grebenova D, Kuzelova K, Fuchs O, Halada P, Havlicek V, Marinov I, Hrkal Z. Interferon-alpha
suppresses proliferation of chronic myelogenous leukemia cells K562 by extending cell cycle S-phase
without inducing apoptosis. Blood Cells Mol Dis 2004; 32, 262-269.

Kuzelova K, Pluskalova M, Brodska B, Otevielova P, Elknerova K, Grebenova D, Hrkal Z.
Suberoylanilide hydroxamic acid (SAHA) at subtoxic concentrations increases the adhesivity of
human leukemic cells to fibronectin. J Cell Biochem 2010; 109:184-195.

Krebsbach PH, Kuznetsov SA, Bianco P, Robey PG. Bone marrow stromal cells: characterization and
clinical application. Crit Rev Oral Biol Med 1999; 10:165-181.

Brocke-Heidrich K, Kretzschmar AK, Pfeifer G, Henze C, Loffler D, Koczan D, Thiesen HJ, Burger
R, Gramatzki M, Horn F. Interleukin-6-dependent gene expression profiles in multiple myeloma INA-

7



[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

6 cells reveal a Bel-2 family-independent survival pathway closely associated with Stat3 activation.
Blood 2004; 103: 242-251.

Brocke-Heidrich K, Kretzschmar AK, Pfeifer G, Henze C, Loffler D, Koczan D, Thiesen HJ, Burger
R, Gramatzki M, Horn F. Interleukin-6-dependent gene expression profiles in multiple myeloma INA-
6 cells reveal a Bel-2 family-independent survival pathway closely associated with Stat3 activation.
Blood 2004; 103: 242-251.

Vanéurové I, Ustaveni a charakterizace nové myelomové bunééné linie UHKT-893 zavislé na IL-6.
Praha 2011. Diplomova prace. Univerzita Karlova v Praze. Fakulta prirodovédecka.

Kawano M, Hirano T, Matsuda T, Taga T, Horii Y, Iwato K, Asaoku H, Tang B, Tanabe 0. Tanaka H,
Kuramoto A, Kishimoto T: Autocrine generation and requirement of BSF-2ffL-6 for human multiple
myelomas. Nature 1988; 332: 83-85.

Sakai A, Oda M, Itagaki M, Yoshida N, Arihiro K, Kimura A. Establishment of an HS23 stromal cell-
dependent myeloma cell line: fibronectin and IL-6 are critical. Int ] Hematol 2010; 92: 598-608.
Pellat-Deceunynck C, Bataille R, Robillard N, Harousseau JL, Rapp MJ, Juge-Morineau N, Wijdenes
J, Amiot M. Expression of CD28 and CD40 in human myeloma cells: a comparative study with
normal plasma cells. Blood 1994; 84: 2597-2603.

van Camp B, Durie BG, Spier C, De Gaele M, Van Riet I, Vela E, Frutiger Y, Richter L, Grogan TM.
Plasma cells in multiple myeloma express a natural killer cell-associated antigen: CD56 (NKH-1;
Leu-19). Blood 1990; 76: 377-382.

Pellat-Deceunynck C, Barillé S, Jego G, Puthier D, Robillard N, Pineau D, Rapp MJ, Harousseau JL,
Amiot M, Bataille R. The absence of CD56 (NCAM) on malignant plasma cells is a hallmark of
plasma cell leukemia and of a special subset of multiple myeloma. Leukemia 1998; 12: 1977-1982.
Shim H, Ha JH, Lee H, Sohn JY, Kim HJ, Eom HS, Kong SY. Expression of myeloid antigen in
neoplastic plasma cells is related to adverse prognosis in patients with multiple myeloma. Biomed Res
Int 2014; 2014: 8. Article ID 8§93243.

[123] Isoda A, Kaira K, Iwashina M, Oriuchi N, Tominaga H, Nagamori S, Kanai Y, Oyama T, Asao T,

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

Matsumoto M, Sawamura M. Expression of L-type amino acid transporter 1 (LAT1) as a prognostic
and therapeutic indicator in multiple myeloma. Cancer Sci 2014; 105: 1496-502.

Ely SA, Knowles DM. Expression of CD56/neural cell adhesion molecule correlates with the presence
of lytic bone lesions in multiple myeloma and distinguishes myeloma from monoclonal gammopathy
of undetermined significance and lymphomas with plasmacytoid differentiation. Am J Pathol 2002;
160: 1293-1299.

Mateo G, Montalban MA, Vidriales MB, Lahuerta JJ, Mateos MV, Gutiérrez N, Rosifiol L,
Montejano L, Bladé J, Martinez R, de la Rubia J, Diaz-Mediavilla J, Sureda A, Ribera JM, Ojanguren
IM, de Arriba F, Palomera L, Terol MJ, Orfao A, San Miguel JF; PETHEMA Study Group; GEM
Study Group. Prognostic value of immunophenotyping in multiple myeloma: a study by the
PETHEMA/GEM cooperative study groups on patients uniformly treated with high-dose therapy. J
Clin Oncol 2008; 26: 2737-2744.

Vacca A, Ribatti D, Roncali L, Ranieri G, Serio G, Silvestris F, Dammacco F. Bone marrow
angiogenesis and progression in multiple myeloma. Br ] Haematol. 1994; 87: 503-508.

Cella M, Dohring C, Samaridis J, Dessing M, Brockhaus M, Lanzavecchia A, Colonna M. A novel
inhibitory receptor (ILT3) expressed on monocytes, macrophages, and dendritic cells involved in
antigen processing. J Exp Med 1997; 185: 1743-1751

Masten BJ, Olson GK, Tarleton CA, Rund C, Schuyler M, Mehran R, Archibeque T, Lipscomb MF.
Characterization of myeloid and plasmacytoid dendritic cells in human lung. J Immunol. 2006; 177:
7784-7793.

Sano F, Tasaka T, Nishimura H, Akiyama T, Kubo Y, Matsuhashi Y, Wada H, Sugihara T,
Yamakawa M, Sadahira Y. A peculiar case of acute myeloid leukemia mimicking plasmacytoid
dendritic precursor cell leukemia. J Clin Exp Hematop 2008; 48: 65-69.

Alsayed Y, Ngo H, Runnels J, Leleu X, Singha UK, Pitsillides CM, Spencer JA, Kimlinger T,
Ghobrial JM, Jia X, Lu G, Timm M, Kumar A, Cété D, Veilleux I, Hedin KE, Roodman GD, Witzig
TE, Kung AL, Hideshima T, Anderson KC, Lin CP, Ghobrial IM. Mechanisms of regulation of
CXCR4/SDF-1 (CXCL12)-dependent migration and homing in multiple myeloma. Blood 2007; 109:
2708-2717.

Mosmann TR, Baumal R, Williamson AR. Mutations affecting immunoglobulin light chain secretion
by myeloma cells. I. Functional analysis by cell fusion. Eur J Immunol 1979; 9: 511-516.
Avet-Loiseau H, Facon T, Grosbois B, Magrangeas F, Rapp MJ, Harousseau JL, Minvielle S, Bataille
R. Oncogenesis of multiple myeloma: 14q32 and 13q chromosomal abnormalities are not randomly
distributed, but correlate with natural history, immunological features, and clinical presentation. Blood
2002; 99: 2185-2191.

78



[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

Fonseca R, Bailey RJ, Ahmann GJ, Rajkumar SV, Hoyer JD, Lust JA, Kyle RA, Gertz MA, Greipp
PR, Dewald GW. Genomic abnormalities in monoclonal gammopathy of undetermined significance.
Blood 2002; 100: 1417-1424.

Fonseca R, Blood E, Rue M, Harrington D, Oken MM, Kyle RA, Dewald GW, Van Ness B, Van
Wier SA, Henderson KJ, Bailey RJ, Greipp PR. Clinical and biologic implications of recurrent
genomic aberrations in myeloma. Blood 2003; 101: 4569-4575.

Boersma-Vreugdenhil GR, Kuipers J, Van Stralen E, Peeters T, Michaux L, Hagemeijer A, Pearson
PL, Clevers HC, Bast BJ. The recurrent translocation t(14;20)(q32;q12) in multiple myeloma results
in aberrant expression of MAFB: a molecular and genetic analysis of the chromosomal breakpoint. Br
J Haematol 2004; 126: 355-363.

Ross FM, Chiecchio L, Dagrada GP, Protheroe RKM, Stockley DM, Harrison CJ, Cross NCP, Szubert
Al, Drayson MT, Morgan GJ. The t(14;20) is a poor prognostic factor in myeloma but is associated
with long-term stable disease in monoclonal gammopathies of undetermined significance.
Haematologica 2010; 95: 1221-1225.

Avet-Louseau H, Daviet A, Sauner S, Bataille R. Intergroupe Francophone du Myelome.
Chromosome 13 abnormalities in multiple myeloma are mostly monosomy 13. Br J Haematol
2000;111: 1116-1117.

Tagawa S, Doi S, Taniwaki M, Abe T, Kanayama Y, Nojima J, Matsubara K, Kitani T. Amylase-
producing plasmacytoma cell lines, AD3 and FR4, with der(14)t(8;14) and dic(8)t(1;8) established
from ascites. Leukemia 1990; 4: 600-605.

Smetana J, Frohlich J, Vranova V, Mikuldsova A, Kuglik P, Hajek R Oligonucleotide-based array
CGH as a diagnostic tool in multiple myeloma patients. Klin Onkol 2011; 24: 43-48.

Tabernero D1, San Miguel JF, Garcia-Sanz M, Najera L, Garcia-Isidoro M, Peréz-Simon JA,
Gonzalez M, Wiegant J, Raap AK, Orfao A. Incidence of chromosome numerical changes in multiple
myeloma: fluorescence in situ hybridization analysis using 15 chromosome-specific probes. Am J
Pathol 1996; 149: 153-161.

Damle RN, Wasil T, Fais F, Ghiotto F, Valetto A, Allen SL, Buchbinder A, Budman D, Dittmar K,
Kolitz J, Lichtman SM, Schulman P, Vinciguerra VP, Rai KR, Ferrarini M, Chiorazzi N. Ig V gene
mutation status and CD38 expression as novel prognostic indicators in chronic lymphocytic leukemia.
Blood 1999; 94: 1840-1847.

Hamblin TJ, Davis Z, Gardiner A, Oscier DG, Stevenson FK. Unmutated Ig V(H) genes are
associated with a more aggressive form of chronic lymphocytic leukemia. Blood 1999; 94: 1848-
1854.

Gottlicher M, Minucci S, Zhu P, Kramer OH, Schimpf A, Giavara S, Sleeman JP, Lo Coco F, Nervi
C, Pelicci PG, Heinzel T. Valproic acid defines a novel class of HDAC inhibitors inducing
differentiation of transformed cells. EMBO J. 2001; 20: 6969-6978.

Marks PA. Discovery and development of SAHA as an anticancer agent. Oncogene 2007; 26: 1351-
1356.

Kitazoe K, Abe M, Hiasa M, Oda A, Amou H, Harada T, Nakano A, Takeuchi K, Hashimoto T, Ozaki
S, Matsumoto T. Valproic acid exerts anti-tumor as well as anti-angiogenic effects on myeloma. Int J
Hematol. 2009; 89: 45-57.

Constantinou C, Papas KA, Constantinou Al. Caspase-independent pathways of programmed cell
death: the unraveling of new targets of cancer therapy? Curr Cancer Drug Targets 2009; 9: 717-728.
Kaiser M, Zavrski I, Sterz J, Jakob C, Fleissner C, Kloetzel PM, Sezer O, Heider U. The effects of the
histone deacetylase inhibitor valproic acid on cell cycle, growth suppression and apoptosis in multiple
myeloma. Haematologica 2006; 91: 248-251.

Hao M, Zhang L, An G, Meng H, Han Y, Xie Z, Xu Y, Li C, Yu Z, Chang H, Qiu L. Bone marrow
stromal cells protect myeloma cells from bortezomib induced apoptosis by suppressing microRNA -
15a expression. Leuk Lymphoma 2011; 52: 1787-1794.

Dou, Q. Ping. Resistance to proteasome inhibitors in cancer: molecular mechanisms and strategies to
overcome resistance. ISBN 9783319067513.

Hazlehurst LA, Damiano JS, Buyuksal I, Pledger WJ, Dalton WS. Adhesion to fibronectin via betal
integrins regulates p27kipl levels and contributes to cell adhesion mediated drug resistance (CAM-
DR). Oncogene 2000; 19: 4319-4327.

Chauhan D, Uchiyama H, Akbarali Y, Urashima M, Yamamoto K, Libermann TA, Anderson KC.
Multiple myeloma cell adhesion-induced interleukin-6 expression in bone marrow stromal cells
involves activation of NF-kappa B. Blood 1996; 87: 1104-1112.

Xu FH, Sharma S, Gardner A, Tu Y , Raitano A , Sawyers C , Lichtenstein A. Interleukin - 6 -
induced inhibition of multiple myeloma cell apoptosis: support for the hypothesis that protection is
mediated via inhibition of the JINK/SAPK pathway. Blood 1998; 92: 241-251.

79



[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

Xu F, Gardner A, Tu Y, Michl P, Prager D, Lichtenstein A. Multiple myeloma cells are protected
against dexamethasone -induced apoptosis by insulin -like growth factors. Br J Haematol 1997; 97:
429-440.

Catalano MG, Fortunati N, Pugliese M, Costantino L, Poli R, Bosco O, Boccuzzi G. Valproic acid
induces apoptosis and cell cycle arrest in poorly differentiated thyroid cancer cells. J Clin Endocrinol
Metab 2005; 90: 1383-1389.

Huang L, Pardee AB. Suberoylanilide hydroxamic acid as a potential therapeutic agent for human
breast cancer treatment. Mol Med 2000; 6: 849-866.

Du HL, Ren LM, Chen H, Zhu Y, Qi Y. Re -expression of pl6 gene in the myeloma cell line U266
induced by synergy of sodium butyrate and 5 -Aza -2' -deoxycytidine. Di Yi Jun Yi Da Xue Xue Bao
2002; 22: 981-984.

Gao L, Gao M, Yang G, Tao Y, Kong Y, Yang R, Meng X, Ai G, Wei R, Wu H, Wu X, and Shi J.
Synergistic Activity of Carfilzomib and Panobinostat in Multiple Myeloma Cells via Modulation of
ROS Generation and ERK1/2. Biomed Res Int 2015; 2015: 1-9.

Sansone P, Bromberg J. Targeting the interleukin-6/Jak/stat pathway in human malignancies. J Clin
Oncol 2012; 30: 1005-1014.

Zhu S, Denman CJ, and Lee DA. Valproic Acid Selectively Inhibits STAT3 Phosphorylation. 51th
ASH Annual Meeting & Exposition. Dec 5, 2009. New Orleans, LA.

Scuto A, Krejci P, Popplewell L, Wu J , Wang Y , Kujawski M , Kowolik C , Xin H, Chen L , Wang
Y, Kretzner L, Yu H, Wilcox WR , Yen Y , Forman S, Jove R. The novel JAK inhibitor AZD1480
blocks STAT3 and FGFR3 signaling, resulting in suppression of human myeloma cell growth and
survival. Leukemia 2011; 25: 538 -550.

Zheng WH, Kar S, Quirion R. Insulin-like growth factor-1-induced phosphorylation of transcription
factor FKHRL! is mediated by phosphatidylinositol 3-kinase/Akt kinase and role of this pathway in
insulin-like growth factor-1-induced survival of cultured hippocampal neurons. Mol Pharmacol. 2002;
62: 225-233.

Wegiel B, Bjartell A, Culig Z, Persson JL. Interleukin-6 activates PI3K/Akt pathway and regulates
cyclin A1 to promote prostate cancer cell survival. Int J Cancer 2008; 122: 1521-1529.

80



8 SEZNAM PUBLIKACI

e Uherkové L., Vanéurova 1., Vyhlidalova 1., Pleschnerova M., Spi¢ka 1., Mihalova R.,
Biezinova J., Hodny Z., Cermakova K., Polanska V., Marinov I., Jedelsky P.L.,
Kuzelova K., Stockbauer P. Novel human multiple myeloma cell line UHKT-893.
Leuk Res 2012; 37: 320-326. IF 2,606 (viz ptiloha A)

e Vyhlidalova 1., Uherkova L., Pleschnerova M., Spiéka I., Bfezinova J., Michalova K.,
Cermakova K., Polanska V., Jedelsky P.L., Hamsikova E., KuZelova K., Stockbauer P.
Characterization of a new human plasma cell leukemia cell line UHKT-944. Eur J

Haematol 2015; 95: 352-360. IF 2,544 (viz ptiloha A)

e Burianova 1., Kuzelova K., Mitrovsky O., gpiéka I., Stockbauer P., Zackova M.
Histone deacetylase inhibitors in plasma cell leukemia treatment: Effect of the

microenvironment. Neoplasma (pfijato s drobnymi upravami, v recenznim fizeni). IF

1,961 (viz ptiloha A)

81



PRILOHA A

82



Leukemia Research 37 (2013) 320-326

Contents lists available at SciVerse ScienceDirect =
Leukemia
Research

ICAL AN LARRATORY STUES

Leukemia Research

journal homepage: www.elsevier.com/locate/leukres

Novel human multiple myeloma cell line UHKT-893

Lenka Uherkova®*, Irena Vanturova®®, Ilona Vyhlidalova®<, Markéta Pleschnerova®®, Ivan Spicka¢,
Romana Mihalova®, Jana Bfezinova', Zdenék Hodny#, Kamila Cermdkova™, Veronika Polanska®,
Iuri Marinov', Petr L. Jedelsky P, Katefina KuZelova?, Petr Stockbauer?

a Department of Cellular Biochemistry, Institute of Hematology and Blood Transfusion (IHBT), Prague, Czech Republic

b Department of Cell Biology, Faculty of Science, Charles University, Prague, Czech Republic

¢ Department of Biochemistry, Faculty of Science, Charles University, Prague, Czech Republic

d 1st Department of Internal Medicine, Division of Haematology, General Faculty Hospital, Charles University, Prague, Czech Republic

¢ Institute of Biology and Medical Genetics, First Faculty of Medicine shared with General University Hospital, Charles University, Prague, Czech Republic
f Department of Cytogenetics, IHBT, Prague, Czech Republic

& Department of Genome Integrity, Institute of Molecular Genetics v.v.i, Academy of Sciences of the Czech Republic, Prague, Czech Republic

h Leukemia PCR Diagnostics Laboratory, IHBT, Prague, Czech Republic

i Flow Cytometry Laboratory, IHBT, Prague, Czech Republic

I Department of Parasitology, Laboratory of Mass Spectrometry, Faculty of Science, Charles University, Prague, Czech Republic

ARTICLE INFO ABSTRACT

Article history:

Received 7 February 2012

Received in revised form 4 December 2012
Accepted 7 December 2012

Available online 3 January 2013

We established and characterized a new IL-6 dependent multiple myeloma (MM) cell line UHKT-893
from the bone marrow of a relapsed 57-year-old woman.

Results: Using nephelometry, cells with plasma cell phenotype and morphology were found to secrete IgG
and free kappa (k)-light chain of immunoglobulin. k-Light chain was also recognized intracellularly by
flow cytometry and by mass spectrometry. VH4-39 region of [gVH genes was rearranged and somatically
hypermutated. Cytogenetic analysis of cells revealed new chromosome abnormalities in all breakpoints
unique in both MM patients and cell lines - t(1;6), t(1;11), t(5;15), t(5;21), +der(11;15) and der(16). IL-6
independent subline UHKT-893a was established by adaptation to descending IL-6 concentration, while
the original cell line keeps on maintaining its IL-6 dependency.

Conclusion: The cell line provides a suitable material for cellular and molecular studies of tumor abnor-
malities, with potentially unique mutagenic features of myeloma disease. It may be utilized for human
hybridoma construction and vaccine development. Both IL-6 dependent and independent cell clones rep-
resent an important model for studies of myeloma cell growth and resistance emerging during targeted
therapy.
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1. Introduction avery difficult and rare event, and is rather a matter of coincidence

because factors critical for the growth and survival of myeloma

Multiple myeloma (MM) is a hematopoietic neoplasia of ter-
minally differentiated B-cells into plasma cells. For the study of
etiopathogenesis and for development of effective treatment of
MM, a bulk of neoplastic cells is required exceeding the limited
and temporary cell collections from patients. Permanent myeloma
cell lines established from patients provide easily accessible and
indispensable model material. Establishment of permanent cell
lines from myelomas and other hematological neoplasias is still
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stem cells in vitro are still poorly understood. A higher success rate
in the establishment of permanent malignant hematopoietic cell
lines has been achieved in patients at relapse, in terminal or refrac-
tory phase rather than at diagnosis, during therapy or at blast crisis
[1].

Interleukin 6 (IL-6) is a major growth and survival factor
for myeloma cells in vivo, primary myeloma cells in vitro and
also for myeloma cell lines [2,3]. Similarly, IL-6 acts on non-
malignant human plasmablasts [4]. Several studies demonstrated
or suggested that IL-6 may act by autocrine, intracrine and
paracrine manner [2,5]. We could not rule out that IL-6 acts as
an intracrine factor [6]. Up to date, 25% of myeloma and 47%
of plasma cell leukemia cell lines have been established as IL-6
dependent [1]. During long-term cultivation, cells may become
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independent of growth and survival factors, as was documented
on HL461 myeloma cell line originally dependent on stromal-cell-
conditioned medium [7].

In the present study we established and characterized a new
human IL-6 dependent myeloma cell line UHKT-893 and selected
its IL-6 independent subclone UHKT-893a that can be utilized in
both the research of multiple myeloma and other technological and
therapeutic approaches.

2. Materials and methods
2.1. Patient

57-Year-old woman suffered from a backache since July 2007 and was diagnosed
with multiple myeloma, clone IgG-K, stage I of International Staging System, stage
I1IA according to Durie-Salmon staging system, on February 2008. The level of mono-
clonal immunoglobulin (mlIg) was 46.5 g/L. According to cytology and FACS analysis
findings, 62% and 45% myeloma plasma cells was present in the bone marrow,
respectively. Generalized skeletal disruption - tiny cranial and long bone focuses,
several compressive fractures of vertebra on the transition between the thoracic and
lumbar backbone - occurred. The patient was a chronic smoker and suffered from
arterial hypertension from the spring 2008.

2.2. Patient therapy

Briefly, during the year of diagnosis the patient was treated by 4 cycles of
Velcade-Thalidomid-Dexona chemotherapy, leading to a partial remission (18.4 g/L
mlg, 8.4% and 0.4% plasma cells, as noted above). Subsequently, the patient received
mobilization chemotherapy (cyclophosphamide, 2.5 g/m?) and G-CSF (neupogen,
10 pg/kg/daily), leading to a successful separation of peripheral blood progenitor
cells for autologous stem cell transplantation. This was conditioned by a single
application of myeloablative dose of melphalan (200 mg/m?) resulting in a partial
response. Relapse on February 2010 necessitated a second line therapy. However,
before the therapeutic application, a rapid progression of cardiac insufficiency
accompanied by bronchopneumonia led to the patient’s death one month later.

2.3. Cell line establishment and cultivation

Bone marrow sample of the patient in relapse was obtained on 16th
February 2010 with the patient's informed consent. Erythrocytes and granulocytes
were removed from anticoagulated sample by separation on Histopaque®-1077
(Sigma-Aldrich) and remaining mononuclear cells in high density (approx.
1 x 106 cells/mL) were cultivated in RPMI 1640 medium with 10% FBS (both
from Biochrom AG), 20ng/mL G-CSF (Filgrastim, Roche) and 100U/mL peni-
cillin/100 pg/mL streptomycin (Sigma) in 5% CO, atmosphere at 37 °C. Whenever
were the cells separated from patient’s autologous feeder stromal layer and
transferred into a new flask, the cells required supplementation of exogenous
recombinant human IL-6 (Invitrogen) at a concentration of 1 ng/mL instead of G-CSF
for further growth and division.

2.4. Growth characteristics

2.4.1. Morphology

Cytospin preparations were routinely stained by Giemsa in the cytomorpho-
logical laboratory to regularly assess the cell type morphology and the presence of
mitoses. The presence of senescent cells was assessed by (3-galactosidase staining
(Cell Signaling). The amount of senescent cells was estimated several times to check
the state of the continuously growing cell line in culture.

2.4.2. Splitting
Cell cultures were passaged in a 1:3 ratio twice or once a week.

2.4.3. Doubling time
It was analyzed from cell counts during their growth phase by GraphPad Prism
version 5.02 software.

2.4.4. Measurement of proliferation

Cell growth has been regularly monitored in around 10 mL of medium and num-
bers of living cells counted in Biirker chamber or on automated cell counter (TC10,
BioRad) were normalized to this volume for comparability. Optimal IL-6 concen-
tration stimulating the cell growth was determined based on the cell proliferation
checked microscopically and using colorimetric assay employing WST-1 reagent
(Roche). For colorimetric assay, cells were incubated for 3 h with WST-1 reagent
and absorbance of the samples was measured at Assonm With reference wavelength
Asoonm according to the manufacturer’s protocol.

2.4.5. Measurement of viability
Cells were stained with trypan blue (Sigma) and viable and dead cells were
counted in Biirker chamber or cell counter. The values are given in %.

Concurrent attempts to obtain IL-6 independent cell line have been performed
by gradual decreasing of IL-6 concentration, or by alternating the culture with and
without IL-6 with the aid of spontaneous adherence of live cells to a layer of poly-
L-lysine (Sigma) in order to easily remove the harmful bulk of floating dead cells.

2.4.6. Classical cytogenetic analysis

For the cytogenetic analysis, bone marrow cells were cultured for 24h in
RPMI 1640 medium with 10% fetal calf serum without stimulation. Chromosomal
preparations of the patient’s bone marrow and UHKT-893 cells were made accord-
ing to the standard techniques using colcemide, hypotonic treatment, fixation in
methanol/acetic acid and G-banding with Wright stain. For karyotyping, mitoses
were analyzed using IKAROS (MetaSystems) or LUCIA (Laboratory Imaging) imaging
systems.

2.4.7. FISH analysis

Interphase fluorescent in situ hybridization (FISH) with cytoplasmic
immunoglobulin light chain staining (clg FISH) was performed on bone mar-
row cells. Commercial DNA probes (Abbott Molecular) were used for detection of
deletions del(13)(q14) (RB1 gene)/monosomy of chromosome 13, del(17)(p13)
(TP53 gene) and translocations involving IgH gene (14q32). For 1q21 gain status, clg
FISH with ON MM 1q21/SRD (1p36) DNA specific probe from Poseidon (Kreatech
Diagnostics) was established.

2.4.8. mFISH analysis

Multicolor FISH (mFISH) was performed using SpectraVision (Abbott) on 18-
month-old UHKT-893 cells. Image capturing and acquisition was processed using
Nikon Eclipse 90i fluorescence microscope and LUCIA imaging system for FISH.

2.4.9. Immunophenotypic analysis by flow cytometry

Live cells were tested for the expression of molecules by antibodies to surface
antigens CD1a, CD19, CD20, CD21, CD25 (Beckman Coulter Inc.); CD3, CD28, CD33,
CD38, CD45, CD56, CD117, CD138 (Invitrogen); CD4, CD13, CD27 (eBioscience);
CD5 (L17F12, gift from Prof. Ronald Levy, Stanford, CA); CD8 (BioLegend); CD9
(Hybritech); CD10, CD24 (Ortho Diagnostic System Inc.); CD15 (Becton Dickinson);
CD34, CD44 (Exbio); CDw65, CD89, CD95, CD98 (Immunotech); CD96 (Abnova Cor-
poration); CD105 (Ancell); CD184 (Diaclone); HLA-DR (Orthomune); cytoplasmic k
and A light immunoglobulin (Ig) chains (Dako). Cells incubated with unlabeled pri-
mary antibodies were stained by RPE-conjugated F(ab’)2 fragment of goat or rabbit
anti-mouse immunoglobulins (DAKO). Washing and incubation steps were carried
out with PBS. Other cell lines with known antigenic expression were used as negative
and positive controls - CML-T1, JURL-MK1, KARPAS-299 (DSMZ); JURKAT (ECACC),
HEL (from Dr. Paul Martin, Fred Hutchinson Cancer Research Centre, Seattle, WA,
USA), HL-60 (from Dr. R.C. Gallo, National Cancer Institute, Bethesda, USA), MOLM-
7 (from Dr. Y. Matsuo, Fujisaki Cell Center, Hayashibara Biochemical Laboratories,
Inc., Okayama, Japan); KG-1 and NALM-16 (from Dr. Jun Minowada, Roswell Park
Memorial Institute, Buffalo, NY, USA). Intensity of fluorescence was measured by
flow cytometry (FACS - Coulter Epics XL). Only the population of live cells was
gated and evaluated. The used secondary antibody did not provide any nonspecific
positivity.

2.4.10. Immunoglobulin secretion

Secretion of immunoglobulins and their free light chains from cells to medium
was routinely measured by a nephelometric technique (Institute of Clinical Bio-
chemistry and Laboratory Diagnostics, General University Hospital, 1st Medical
Faculty, Charles University, Prague).

2.4.11. Mass spectrometry

2D electrophoresis was performed according to a described procedure [8].
MALDI-TOF analysis was employed to analyze protein spots randomly selected
originally for the purpose of method tutorial for students. Protein spots from 2D elec-
trophoresis gel of whole cell-lysate after standard in-gel digestion were analyzed in
the Laboratory of Mass Spectrometry (Faculty of Science, Charles University, Prague).
Resulting protein mass spectra were compared with Genbank non-redundant pro-
tein database by Mascot software. Proteins with significant score (p <0.001) were
identified and confirmed by tandem mass spectrometry.

2.4.12. Sequence analysis of IgVH gene rearrangement

RNA was isolated using TriZol reagent according to the manufacturer’s instruc-
tions (Invitrogen). cDNA was synthesized using SuperScript Il and random hexamers
(Invitrogen). Seven IgVH (immunoglobulin heavy chain variable region) families
were amplified in six individual PCRs (VH1 and VH7 families in the same reaction
mixture) employing primers described by Pekova et al. [9] using Ampli Taq Gold
Polymerase (Applied Biosystems) and “touch-down” PCR program. The tempera-
ture of annealing steps was gradually descended from 65 °C to 50°C. PCR products
were separated on 2% agarose with ethidium bromide. The bands around 300 bps
were cut out and purified with QIAquick Gel Extraction kit (Qiagen). Sequencing
was performed on ABI PRISM 3500 Genetic Analyzer using Big Dye Terminator 3.1
kit (Applied Biosystems). The resulting sequences were analyzed in Chromas 2.31
program and aligned to the nearest I[gVH germLine sequences using databases of
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Fig. 1. Giemsa stained cytospin preparations of bone marrow at the beginning of the cultivation (A) and in 4-month old culture of emerging UHKT-893 cell line (B) (1000x

magnification).

IgBlast and IMGT programs. Sequences with less than 98% homology to the closest
IgVH germLine sequence were considered to be mutated.

2.4.13. Detection of mycoplasma contamination

The presence of mycoplasma was assessed by fluorescent DNA staining. Before
staining, cells were cultured in a medium without antibiotics for at least one week,
then fixed in methanol/acetic acid and stained with Hoechst 33258 (Sigma-Aldrich
Inc.). The absence of mycoplasmal DNA was assessed by fluorescence microscopy.

2.4.14. EBV genome sequence

Whole cellular DNA was examined for the presence of Epstein-Barr virus (EBV)
DNA sequence by PCR routinely tested at the National Reference Laboratory (NRL)
for Herpetic Viruses, National Institute of Public Health (NIPH) in Prague.

2.4.15. Presence of viruses
Both live and fixed cells were routinely analyzed by electron microscopy using
negative staining (NRL for Virus Evidence by Electron Microscopy, NIPH, Prague).

3. Results

3.1. Establishment of IL-6 dependent and independent myeloma
cell line

After one month of cultivation of separated bone mar-
row mononuclear cells, the amount of plasma cells and their
propagation in the culture flask was recorded and verified in
Giemsa-stained preparations. Therefore, the cells were first pas-
saged and transferred into a new flask. The presence of mitoses on
Giemsa-stained cytospin preparations confirmed the active pro-
liferation of cells with plasma cell morphology (Fig. 1). The cells
grew both in small colonies and individually on syngeneic stromal
cells from the original cell input at the bottom of the culture flasks.
Dependence on IL-6 was revealed when overgrown cells were sep-
arated from the stromal feeder layer and transferred into the new
stromal cell-free culture flask. These cells stopped their growth or
grew very slowly and their early decay (on second day) was clearly
visible. IL-6 was routinely added to the culture medium beginning
in the fifth month after the culture initiation. During first seven
months (not shown) of continuous cultivation without stromal
cells, cells grew very slowly in the medium enriched with 1 ng/mL
IL-6 (Fig. 2). Concentrations of IL-6 lower than 1 ng/mL were insuf-
ficient for survival and optimal propagation of the cells (Fig. 3).
The stromal cell-free cultures were first passaged after 2-3 months.
The amount of senescent cells fluctuated between 1 and 16%. The
cells grew predominantly as single cells or in small clusters in sus-
pension. Minimal cell density necessary for the cell growth was
at least 0.05 x 10° cells/mL. The maximal cell density, when cul-
tures reach growth plateau, was 1.5 x 10° cells/mL. In exponential
growth phase, their doubling time ranged from 3.4 to 3.8 days. The

cells have been frozen in 90% FBS with 10% DMSO in liquid nitrogen
and repeatedly successfully thawed and revived.

20-Month-old cell line (termed UHKT-893a) became inde-
pendent of IL-6 after 6-month adaptation to IL-6 concentration
gradually decreasing from 1 ng/mL to zero (not shown). At this time,
culture was first passaged and further maintained without IL-6,
while the original culture has further on remained IL-6 depend-
ent till now (Fig. 4). Attempts to obtain IL-6 independent cell line
by alternation of cultivation with and without IL-6 has not been
successful in contrast to the new plasma cell leukemia cell line
UHKT-944 that we established in the same year (manuscript in
preparation). The UHKT-893a cells have been continually growing
without IL-6 since September 2011, frozen in the same way as par-
ent IL-6 dependent cells and successfully revived. UHKT-893a cells
grow more slowly but with maximum cell density 3x106 cells/mL
and with doubling time ranging from 4.2 to 5.4 days.
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Fig. 2. Initial growth of UHKT-893 cell line. Myeloma cells without stromal feeder
layer were cultivated in the medium without or with 1 ng/ml IL-6 and monitored for
their growth up to the first passage. The observation was started with four months
cultured control and IL-6 stimulated cells (1., IL-6 added on day 62) and 5-month
old cells (2., IL-6 added on day 23). Live cells were counted in Biirker chamber using
Trypan blue once a week. Control (1.) and IL-6-fed (2.) cultures were washed irregu-
larly with PBS to reduce dead cells when they accumulated. In both control cultures
the cells finally died (in control 2 after a passage). The arrow indicates the day of
IL-6 addition.
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Fig. 3. The growth dependence of UHKT-893 cells on IL-6 concentration using cell
proliferation assay employing WST-1 reagent for 3 h on the day of analysis. Cells
were incubated at the given IL-6 concentration for indicated period as stated in the
graph with a regular change of medium after 3 days. The effective IL-6 dose lies at
1 ng/mL for the proliferation and survival, as checked by microscopy of cultured cells.
A duplicate culture for each sample were set up and each of the two was measured
in a doublet. The bars represent standard deviations from these four values.

3.2. Cytogenetic analysis

Retrospectively, at the beginning of 2008, FISH analysis of
bone marrow cells did not reveal any aberrations (see Section
2). However, at this time, 6 mitoses with normal karyotype
and 10 mitoses with already multiple chromosomal changes
(MCHCH) with 46-54 chromosomes were found using clas-
sical cytogenetic analysis. In 2010, at the time the primary
cultures were set up, similar results — 15 mitoses with nor-
mal karyotype and 6 mitoses with 38-57 chromosomes with
MCHCH were ascertained in bone marrow cells. After 3 months
of continuous culture, 7 mitoses with 49-52 chromosomes
with MCHCH were recognized. In the culture cultivated for 18

35
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Fig. 4. The growth of IL-6 independent UHKT-893a subline compared to IL-6
dependent UHKT-893 parent cells, both cultured without IL-6.

months, 47-52 (modal number: 51) chromosomes were found
in the karyotype of 25 mitoses with the following aberrations:
51,X,der(1)t(1;6)(q?;?q25)?trp(1)(q21q?25),+8,+9,der(11)t(1;11)
(q12;925),+der(11;15)(q10;q10),der(15)t(5;15)(p11;p11),+der(16)
(7pter—7p13::7q11.2—-7q36::16q12—16p13::7q36—7q11.2::7
p13—7pter),+19,+21[8]/51,idem,-21,+der(21)t(5;21)(p11;p11)
[17] (Fig. 5).

3.3. Immunoglobulin analysis

UHKT-893 cells were found to secrete IgG and free k-
immunoglobulin light chain. The control medium contained
<9.26 mg/L IgG, <0.25mg/L IgA, <0.3mg/L IgM. Levels of free
light chains of immunoglobulins (Igs) in this medium were not
measured due to the low concentration of Igs. 1gG=25.5mg/L,
IgA=0.301 mg/L, IgM=0.426 mg/L, free k-chain=15.42 mg/L, free
A-chain <0.5 mg/L were detected in the medium from three-day-
old culture of UHKT-893 cells starting with the cell concentration
0.2 x 106 cells/mL. Correspondingly, monoclonal cytoplasmic and
weak surface expression of k-light chain was detected in cells by
flow cytometry. The presence of human immunoglobulin k-light
chain (JCregion) in UHKT-893 cell line was confirmed by chance by
mass spectrometry in one of two randomly selected protein spots
on a 2D protein map (not shown).

In the 4- and 7-month cultures, the rearrangement of VH4-39
segment of I[gVH genes was detected and somatically hypermutated
due to 87.8% homology to the germLine sequence. No intraclonal
variability between these cultures appeared (not shown).

3.4. Immunophenotypic analysis

Cell surface antigens and cytoplasmic light Ig chains of IL-6
dependent UHKT-893 cell line were analyzed by flow cytom-
etry (Table 1). UHKT-893 cells showed plasma cell phenotype
(CD38++/CD138++) distinct from other hematopoietic cell types.
Changes in antigen expression during the establishment of the cell
line were observed in CD28, CD45 and CD56 (Table 1). The cells
expressed a low level of IL-2 receptor (CD25). Cell population was
partly positive for FAS receptor (CD95) that mediates apoptosis and
for CXCR-4 alpha-chemokine receptor (CD184) specific for stromal-
derived-factor-1 (SDF-1).

3.5. Mycoplasma, EBV and viruses

Genomic DNA of the UHKT-893 cell line was proven to be EBV
negative. The cells were confirmed to be free of Mycoplasma spp.
and viruses.

4. Discussion

We established an IL-6 dependent myeloma cell line UHKT-893
and, later, its IL-6 independent subclone UHKT-893a from the bone
marrow of a relapsed patient with myeloma. Like other leukemia
and lymphoma cell lines, continuous growth of UHKT-893 cell line
was recorded to be developing for up to 2 months of cultivation
[1]. UHKT-893 cells were found to secrete IgG and free k-light Ig
chain in agreement with Ig isotype and light chain detected in the
patient.

The multiple myeloma cells can be classified into three groups
depending on exogenous IL-6: (a) both proliferation and survival
of the cells are dependent on IL-6, (b) only proliferation of the
myeloma cells is affected by IL-6, (c) the cells are dependent on
IL-6 only for survival, but not for proliferation. There are some cell
lines that are independent of IL-6 both for survival and prolifera-
tion. UHKT-893 belongs to (a) group: the cells neither proliferate
nor survive in the absence of IL-6 (Figs. 2 and 4).
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Fig. 5. The karyotype of UHKT-893 cell line. An example of typical chromosomal aberrations in one mitosis: mFISH (A) and classical cytogenetic analysis (B).

Although several cytokines have been demonstrated to stimu-
late the growth of human myeloma cell lines, IL-6 was found to be
the only growth factor till now some of these cell lines are depend-
ent on [1]. Accordingly, elevated serum IL-6 level is also a poor
prognostic factor in MM patients [10]. GM-CSF dependent mouse
plasmocytoma cell line was also established [11], but according to
the following findings this cytokine dependency could indirectly
reflect or substitute IL-6 dependency. GM-CSF has been demon-
strated to be the factor, which acts directly on human myeloma
cells by increasing their response to IL-6 [12,13]. This finding was

strengthened by another study, where GM-CSF only in co-action
with IL-6 was absolutely necessary for the establishment of human
“XG” myeloma and plasma cell leukemia cell lines and only IL-6, but
not GM-CSF, was later required for growth of these cell lines [14].
IL-3 may represent another essential factor for growth and survival
of myeloma cells, because its synergistic action with IL-6 increased
the number of IL-6 receptors on plasma cell line [15]. IL-6 depend-
ent growth could be also supported by induction of autocrine IL-6
production by IFN-a [16] and TNF-q, as was shown in IL-6 depend-
ent XG cell lines [14]. A critical co-action of fibronectin with IL-6



L. Uherkovad et al. / Leukemia Research 37 (2013) 320-326 325

Table 1
FACS analysis of UHKT-893 cell line.

% of positivity or
intensity (+ means
expressed, — not

expressed)
B-cell marker CDh9 neg.
CD10 neg.
CD19 neg.
CD20 neg.
CD21 neg.
CD24 neg.
CD138 99 (++)
clgk ++
clgh neg.
slgk +/—
sigh neg.
T-/NK cell marker CD1a neg.
CD3 neg.
CDh4 neg.
CD5 neg.
CD8 +/—
CD27 neg.
CD28 neg. — +
CD96 neg.
Progenitor/activation/other marker CD34 neg.
CD38 99
CD45 +— 36
CD98 99
HLA-DR neg.
Myelomonocytic marker CD13 neg.
CD15 neg.
CD33 neg.
CDw65 neg.
Adhesion marker CD44 84
CD56 +/—— 99 (++)
Cytokine or other receptor CD25 11-18
CD89 neg.
CD95 46
CD105 neg.
CD117 +
CD184 36

The change in antigen expression during continuous cultivation is marked with
arrow. Neg. =negative: <10% of positive fluorescence related to the negative pop-
ulation of unstained cells.

in the establishment of MSG1 myeloma cell line was also recently
demonstrated [17].

Although most of myeloma cell lines are independent of an
external supply of IL-6, it appears they still require IL-6 for their
growth. IL-6 is generated by these cells themselves and can act
via an autocrine or intracrine loop that has been demonstrated by
blocking studies with anti-IL-6 and anti-IL-6R antibodies and anti-
sense oligodeoxynucleotides [2]. Several IL-6 dependent myeloma
cell lines were also found to secrete this cytokine [1].

Autonomously developed independent growth of HL461
myeloma cell line, originally dependent on stromal-cell-
conditioned medium, documents that myeloma cells may become
independent of growth and survival factors during a long-term
cultivation [7]. It has so far not happen spontaneously in UHKT-
893 cell line till now (control experiments), but an adaptation to
gradually decreasing IL-6 concentration for 6 months succeeded
in the selection of IL-6 independent clone UHKT-893a.

Immunoanalysis of UHKT-893 cells proved a plasma cell pheno-
type (CD38++/CD138++ above all, [18]) distinct from that of B-, T-,
NK and myelomonocytic, because the cells were nearly negative for
surface markers of these cell types (Table 1). The cells were positive
for CD45, but its expression declined during the continuous culture.
This may suggest a shift to a more mature differentiating stage
of plasma cells and such a decline is also associated with worse

overall survival of patients [18]. CD117 (C-kit) is not expressed
on normal plasma cells, but on one-third of MM patients and also
on UHKT-893 cells. This antigen is a hematopoietic growth factor
receptor essential for hematopoietic progenitor cell survival, thus
giving rise to the assumption that it could contribute to malignancy
in CD117+ patients. However, the CD117+ group of patients had a
better outcome [18]. During continuous cell cultivation, originally
CD28— UHKT-893 cells became CD28+. CD28 is also not present in
normal plasma cells, but its intensity of expression correlates with
the high proliferation activity of myeloma cells and with advanced
disease stage [18].

VH4-39 gene segment was recognized to be rearranged within
IgVH genes, confirming the clonal origin of UHKT-893 cell line.
This variable region of IgH was found to be somatically hyper-
mutated, reflecting the fact that the plasma/myeloma cells passed
through the process of antigen interaction. This was also present in
myeloma cells in MM patients [19]. No intraclonal IgVH variation
was noted either in these patients or in UHKT-893 cell line. Hence,
this specific and stable pattern can be also used as a discrimination
marker for this cell line.

The karyotype is very non-uniform and miscellaneous at least
among myeloma cell lines [1]. Chromosomal translocation t(1;11),
t(5;15) and t(5;21) and derivation der(11;15) and der(16) with
determined breakpoints in UHKT-893 cells appear to be observed
for the first time in myeloma cells (Fig. 5). Der(11;15) and t(5;21)
are unique among all leukemia-lymphoma cell lines at least accord-
ing to Drexler[1].In addition to UHKT-893 cells, t(1;6) translocation
was documented only in patient’s myeloma cells in one study [20]
and in two of 52 myeloma cell lines, but also with distinct break-
points [1]. Another translocation t(1;11) was described only in two
other myeloma cell lines. More frequent but again mutually differ-
ent aberrations of chromosome 6 in myeloma cell lines were found
including UHKT-893 cells [1]. The impact of these new aberrations
in multiple myeloma remains to be explored.

The trisomy of chromosomes 9, 19 and 21 found in hyperdiploid
UHKT-893 is often and recurrently evidenced in hyperdiploid MM
[21]. Trisomy of chromosomes 9 and 19 has been shown to be asso-
ciated with a favorable prognosis [22]. On the other hand, trisomy
or tetrasomy of chromosome 8 has been associated with aggressive
anaplastic myeloma [23,24]. Similarly, trisomy of this chromosome
was found in UHKT-893 cells and the patient also underwent a rapid
fatal outcome of the disease. The loss of chromosome X in a female
(32%) belongs to the most frequent chromosomal losses in MM [24]
and the chromosome X was also missing in UHKT-893 cells.

In conclusion, the novel IL-6 dependent UHKT-893 human mul-
tiple myeloma cell line and its IL-6 independent subline UHKT-893a
were established, providing a widely useful model for basic and
applied research of multiple myeloma. The UHKT-893 cell line is
dependent on IL-6 both for survival and proliferation. They can be
utilized in attempts to better understand the implication of this
cytokine in the mechanism of drug resistance of myeloma cells. A
number of unique chromosomal abnormalities of cells and other
potential new cytogenetic changes open new challenges to explore
the critical tumorigenic features and causative cellular mechanisms
in myeloma disease.
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Abstract

Objective: A new interleukin-6 (IL-6)-dependent plasma cell leukemia cell line UHKT-944 was established
from bone marrow cells derived from a 55-yr-old man with plasma cell leukemia. Results: The cell line
possesses phenotypic characteristics of plasma cells including the production of a monoclonal
immunoglobulin IgA1-kappa. VH3-9 region of IgVH genes was rearranged and somatically hypermutated.
The UHKT-944 cells were found to be negative for most of tested B-cell, T-cell, and myeloid markers.
According to cytogenetic analysis, the cells were classified as near tetraploid with several numerical and
structural abnormalities including the t(14;20) involving IgH locus. Conclusion: The established permanent
plasma cell leukemia cell line is a suitable model for the study of cellular and molecular mechanisms of

pathogenesis of this rare malignant disease.
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Plasma cell leukemia (PCL) is a clonal B-cell malignancy
characterized by a high level of terminally differentiated
plasma cells in peripheral blood. It is considered to be a rare
form of multiple myeloma (MM). PCL can either arise
de novo (primary PCL) or as a leukemic transformation of
existing MM (secondary PCL). Despite substantial progress
in targeted therapy of MM and PCL comprising novel drugs
such as bortezomib, thalidomide, and its analog lenalido-
mide, the disease still remains incurable (1, 2). The median
age at PCL diagnosis ranges between 52 and 65 yr, and the
median survival is counted in months (2).

Interleukin 6 (IL-6) is a key growth and survival factor
for multiple myeloma cells both in vitro and in vivo (3, 4).
The growth stimulatory activity of IL-6 and its role in mye-
loma progression was proven by blocking IL-6 activity by
anti-IL-6 antibody (4-6). Since this was discovered, the
number of myeloma and plasma cell leukemia cell lines has
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increased (7). Seventeen plasma cell leukemia cell lines
have been established to date. Each cell line may reflect
heterogeneity of the disease and serves as an indispensable
tool for the development and primary testing of new thera-
peutics.

In this study, we characterized the new plasma cell leuke-
mia cell line UHKT-944, which is strictly dependent on exog-
enous IL-6.

Materials and methods

Case report

A 55-yr-old man suffering from fatigue was diagnosed with
primary plasma cell leukemia of IgA-x type in June 2010.
FACS analysis showed the presence of 25% plasma cells in
the bone marrow and 25% in the peripheral blood. Patient’s
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serum contained 45.5 g/L IgA, and Bence-Jones protein type
kappa was found in his urine. In his serum, the kappa/
lambda ratio was 49.21. The serum further contained 130 g/
L total protein level, 28 g/L serum albumin, 11 mg/L (2-mi-
croglobulin, 145 pmol/L creatinine, 85 g/L. hemoglobin, and
normal Ca®* level. 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 Novem-
ber 2010.

Cell line establishment and cultivation

The patient’s bone marrow sample was obtained in June
2010. Mononuclear cells were separated by gradient centri-
fugation using Histopaque®-1077 (Sigma-Aldrich Inc., St.
Louis, MO, USA) and cultivated in a single culture flask in
RPMI-1640 medium (Biochrom, Berlin, Germany) supple-
mented with 1 ng/mL IL-6 (Invitrogen, Carlsbad, CA,
USA), 10% fetal bovine serum (Biochrom), 100 U/mL peni-
cillin, and 100 pg/mL streptomycin (Sigma-Aldrich) in a
humidified 5% CO, atmosphere at 37°C. From the 9th
month of cultivation, perpetual attempts to establish IL-6
independent cell line have been performed as follows. The
cells were cultivated in a glass flask in the medium without
IL-6. In this culture, the cells were adhered to poly-L-lysine
(Sigma-Aldrich) to easily remove the harmful bulk of accu-
mulated floating dead cells, which were not able to survive
without IL-6. IL-6 was added when the number of living
cells strongly decreased.

Cell growth

The plasma cell morphology has been confirmed by Giemsa
staining of cytospine preparations. For viability measure-
ment, the cells were stained with trypan blue solution
(Sigma-Aldrich) and were then counted on automated cell
counter (TC 10, Bio-Rad Laboratories, Hercules, CA, USA).
In the presence of various concentrations of IL-6, the cell
proliferation was measured colorimetrically using Cell Prolif-
eration Reagent kit WST-1 (Roche, Mannheim, Germany)
following the manufacturer’s instructions. For determination
of doubling time, the cells were counted during their growth
phase and analyzed by GraphPad Prism version 5.02 soft-
ware (GraphPad Software, San Diego, CA, USA). Flow
cytometry cell cycle analysis, based on the measurement of
cellular DNA content, was used to determine the number of
polynucleated cells of 4-yr-old cell line. Briefly, the cells
(5 x 10°) were harvested, washed once in PBS, fixed in
70% ethanol, incubated for 30 min in 4°C, and stored at
—20°C. On the day of the analysis, the cells were washed
twice in PBS and incubated for 2 h at 4°C in 0.5 mL of the
modified Vindelov's propidium iodide buffer (10 mm Tris,
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pH 8, 1 mm NaCl, 0.1% Triton X-100, 20 pg/mL propidium
iodide, and 10K units ribonuclease A). The fraction of cells
with more than 2N DNA content was determined using LSR
Fortessa flow cytometer (BD Biosciences, San Jose, CA,
USA). The measurement was performed at low event rate
(50 events per sec), and singlets were gated in FSC-A vs.
FSC-H dotplots.

Immunophenotype FACS analysis

Surface markers on UHKT-944 cells were examined by the
following primary antibodies against: CD3, CD28, CD33,
CD38, CD45, CD56, CD138, CD117 (Invitrogen); CDI10,
CD24 (Ortho Diagnostic System Inc., NJ, USA); CD4,
CD13 (eBioscience, San Diego, CA, USA); k and A light
chains (Dako, Glostrup, Denmark); CD5 (clone L17F12, a
gift from Prof. Ronald Levy, Stanford, CA); CD8 (BioLeg-
end, San Diego, CA, USA); CDla, CD19, CD20, CD21,
CD25, CD85k, CD123 (Beckman Coulter Inc., CA, USA);
CD34 (Exbio, Prague, Czech Republic); CD184 (Gen-Probe,
San Diego, CA, USA); HLA-DR (clone B33.1, a gift from
Dr. Bice Perrusia, Wistar Institute, Philadelphia, USA);
CD98, CDw65, CD89, CD95 (Immunotech, Prague, Czech
Republic); CD9 (Hybritech Inc, San Diego, CA, USA);
CD15 (Becton Dickinson, San Jose, CA, USA); CDI105
(Ancell, MN, USA). After incubation with primary antibody,
the cells were stained with secondary antibody RPE-conju-
gated F(ab’)2 fragment of goat or rabbit anti-mouse immu-
noglobulins (Dako). Phosphate-buffered saline was used in
washing and incubation steps. The following hematopoietic
cell lines with known cell surface antigens were used as
positive and negative controls: CML-T1, JURL-MKI, and
KARPAS-299 (DSMZ); JURKAT (ECACC), HEL (from
Dr. Paul Martin, Fred Hutchinson Cancer Research Centre,
Seattle, WA, USA); HL-60 (from Dr. R. C. Gallo, National
Cancer Institute, Bethesda, USA); MOLM-7 (from Dr. Y.
Matsuo, Fujisaki Cell Center, Hayashibara Biochemical Lab-
oratories, Inc., Okayama, Japan); KG-1 and NALM-16 (from
Dr. Jun Minowada, Roswell Park Memorial Institute, Buf-
falo, NY, USA). Intensity of fluorescence was measured by
flow cytometry (Coulter Epics XL). Only the population of
living cells, recognized on FS/SS scattergram as a separated
lower population with unaffected cell granularity, was gated
and included in the assessment.

Classical cytogenetic and mFISH analysis

For cytogenetic analysis, bone marrow cells and 9-month-
old UHKT-944 cell line were cultured for 24 h in RPMI
1640 medium with 10% fetal calf serum. Chromosomal
preparations were made according to the standard tech-
niques using colcemide, hypotonic treatment, fixation in
methanol/acetic acid, and G-banding with Wright stain. For
karyotyping, mitoses were analyzed using the IKAROS
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imaging system (MetaSystems, Altlussheim, Germany).
Multicolor FISH (mFISH) analysis was performed using 24
XCyte color kit (MetaSystems). Image capturing and acqui-
sition was performed using Zeiss Axioplan 2 optical micro-
scope, and the ISIS imaging system (MetaSystems) was
used for mFISH.

Sequence analysis of IgVH gene rearrangements

RNA was isolated using TRIzol reagent (Invitrogen) accord-
ing to the instructions of the manufacturer. cDNA was syn-
thesized wusing SuperScript II and random hexamers
(Invitrogen). 7 IgVH families were amplified in 6 individual
PCRs (VHI1 and VH7 families in the same reaction mixture)
employing primers described by Pekova et al. (8) using
Ampli Taq Gold Polymerase (Applied Biosystems, Foster
City, CA, USA) and ‘touch-down’ PCR program. The tem-
perature of annealing steps was gradually decreased from 65
to 50°C. PCR products were separated on 2% agarose gel
with ethidium bromide. The band around 300 bps was cut
out and purified with QIAquick Gel Extraction kit (Qiagen,
Germany). Sequencing was performed on ABI PRISM 3500
Genetic Analyzer using Big Dye Terminator 3.1 kit (Applied
Biosystems). The resulting sequences were analyzed in
Chromas 2.31 program and aligned to the nearest IgVH
germline sequences using databases of IgBLAST and IMGT
programs. Sequences with <98% homology to the closest
IgVH germline sequence were considered to be mutated.

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 Faculty Hospital, Prague). The cells
were cultivated from an initial concentration of 0.1 x 10°
cells/mL, and the cell supernatant was analyzed on the third
day of cultivation.

Mass spectrometry

Mass spectrometry MALDI-TOF was employed to analyze
two selected protein spots from a two-dimensional (2D)
electrophoresis gel of whole-cell lysate of UHKT-944 cells
after standard in-gel digestion. Protein spots were selected
based on the comparison with protein map of UHKT-893
cell line, which was established in our laboratory in the
same year as UHKT-944 (9). One of the protein spots was
chosen owing to the high protein expression in UHKT-944
cells, and its absence in UHKT-893 protein map. The sec-
ond spot was selected due to its position on 2D electropho-
resis protein map, which corresponded to a fragment of
immunoglobulin kappa light chain as known from UHKT-
893 cells. 2D electrophoresis was carried out according to
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the procedure described by Grebenova ef al. (10). To
improve the quality of 2D electrophoresis results, 2-D
Clean-Up Kit (Amersham Biosciences, Piscataway, NY,
USA) was used for protein precipitation. Resulting protein
mass spectra were compared with GenBank non-redundant
protein database by Mascot software v. 2.1 (Matrix Science,
Boston, MA, USA). Only hits that were scored as signifi-
cant (P < 0.05) were included.

Analysis of anti-HBsAg antibody

The supernatant from UHKT-944 cells was cultivated for
3d from a starting cell density 0.2x10° cells/mL and a
whole-cell lysate (20)(106 cells were tested). The cells were
lysed in 300 pL. of non-denaturing cell lysis buffer from
Caspase-3 colorimetric assay kit (Biovision Inc., Mountain
View, CA, USA) with addition of 1 pL of protease inhibitor
cocktail (Sigma-Aldrich).

Potential specificity of IgA antibody against hepatitis B
virus (HBsAg) was measured by a direct non-competitive
ELISA using ETI-AB-AUK-3 (anti-HBs) kit (DiaSorin,
Italy) according to the manufacturer’s instructions. Samples
were further analyzed by Architect anti-HBs assay (Abbott,
Prague, Czech Republic) measured on Abbott Architect
11000 (Abbott) at the National Reference Laboratory (NRL)
for Viral Hepatitis (National Institute of Public Health
[NIPH], Prague).

Mycoplasma detection

Mycoplasma spp. contamination has been examined by stan-
dard fluorescent DNA staining of the cells. Before staining,
the cells were cultured in antibiotic-free medium for at least
1 wk, then fixed with methanol/acetic acid at a 3 : 1 ratio
and stained with Hoechst 33258 (Sigma-Aldrich). The
absence of mycoplasma DNA has been verified by fluores-
cence microscopy.

EBV infection

DNA of 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).

Results

Cell line establishment and growth

The start of cell proliferation was noticed two months
after the culture initiation. The cells proliferated on a stro-
mal feeder layer, which developed from the original bone
marrow stromal cells. The culture medium was changed
twice a week. Following each transfer to stroma cell-free
culture flask without IL-6, the cells stopped proliferating
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and were progressively dying. IL-6 was found to be the
factor responsible for the survival and growth of UHKT-
944 cells (Fig. 1). Although IL-6 concentration of 0.5 ng/
mL was found to be sufficient for these vital processes,
the cells were permanently cultivated in the presence of
1 ng/mL IL-6. The same concentration was used in other
studies involving myeloma cell lines. The cells continued
to proliferate without any stromal feeder layer. Attempts
to establish IL-6 independent UHKT-944 subline were
unsuccessful. The dependence of UHKT-944 cells on IL-6
has been repeatedly verified. UHKT-944 cells grew pre-
dominantly individually or formed small colonies. Their
doubling time ranged from 65 to 77 h. The minimal cell
density necessary for the cell growth, counted in a plastic
25 cm? culture flask, was 0.05 x 10° cells/mL and the
maximum 0.6 x 10° cells/mL. Cytospine preparations of
UHKT-944 cells stained by Giemsa showed a mixture of
mononuclear, larger binuclear, and multinuclear cells with
plasma cell morphology (Fig. 2). Up to twelve nuclei in
one cell were found among UHKT-944 cells. DNA con-
tent analysis by flow cytometry revealed the presence of
about 5% of polynucleated cells in UHKT-944 cell line.

Immunophenotype FACS analysis

UHKT-944 cells were negative for most of the tested B-cell,
T-cell, and myeloid markers. The expression of CD138 and
CD38 showed plasma cell phenotype. Immunophenotype of
the cell line in comparison with other plasma cell-derived
cell lines (7, 11, 12) is summarized in Table 1. The analysis
also revealed the presence of monoclonal cytoplasmic Ig
kappa light chain.
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Figure 1 Effect of exogenous IL-6 on proliferation of UHKT-944 cell
line. Viable cell density was measured by WST-1 assay 2, 4, 7, and
11 d after their incubation with different IL-6 concentrations. Experi-
ments were performed in triplicate. Results represent means and
standard deviations.
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Immunoglobulin analysis

UHKT-944 cells were found to produce IgA1l-kappa without
secretion of free light chains as deduced from the following
findings.

Using nephelometry, UHKT-944 cells were found to
secrete IgA. The control medium contained <9.26 mg/L
IgG, <0.25 mg/L IgA, and <0.3 mg/L IgM. The concentra-
tion of free light chains of immunoglobulins was below the
detection limit. In the conditioned medium from UHKT-944
cells, <9.26 mg/L. 1gG, IgA = 10.5 mg/L, <0.3 mg/L IgM,
<0.38 mg/L. free kappa, and <0.5 mg/L free lambda light
chains were found.

In agreement with nephelometry findings, mass spectrome-
try revealed the amino acid sequence of a constant region of
human immunoglobulin alpha-1 (IgAl) heavy chain in the
selected protein spot from the 2D electrophoresis. In keeping
with the finding of monoclonal cytoplasmic kappa light
chain by flow cytometry, the protein found in the second
spot showed similarity to human Fab region of kappa light
chain. The highest similarity was to kappa light chain with
specificity to HBsAg. Based on this finding, secreted IgA
and IgA from whole-cell lysate were analyzed by ELISA
and Architect anti-HBs assay to verify whether the antibody
produced by UHKT-944 cells really displays the affinity to
HBsAg. Unfortunately, the result of both these analyses was
negative (data not shown).

In 9-month-old UHKT-944 cells, the rearrangement was
found of VH3-9 IgVH genes with 91% homology to the
germline sequence according to IgBLAST and IMGT data-
bases.

EBV and mycoplasma detection

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

Cytogenetic analysis

The cytogenetic analysis of UHKT-944 cells revealed a
nearly tetraploid karyotype with several structural and
numerical alterations. The composite karyotype of 9-month-
old UHKT-944 cells was as follows:
79~95<4n>XXYY,-1,-1,der(1)t(1;9)(p11;p11)x2,der(1)t
(1;18)(p11;q22),+3,+3,-4,del(5)(q?),  t(6;7)(q23;q22),der(6)
t(6;7)(q23;q22), der(6)t(6;17)(q13;?), dic(1;7)(7;Nt(6;7)(q23;
q22)x2,-8,-9,  -9,-10,-11,-13,-13,-13,der(13)t(1;13)(?;p11),t
(14;20)(q32;7)x2,-15.-15,dic(15;16)(?;7)x2,-18, der(18)t(6;18)
(7;922),+21,+21 [cp18]. Most of these aberrations reflect the
karyotype of patient’s bone marrow cells obtained at the
time of diagnosis. The original karyotype was the following:
47~48,XY,dup(1)(q?),+3,der(6)t(6;7)(q23;?),dic(1;7)(?;7)t
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(6;7)(q23;7),49,-13,t(14;20)(q32;7?),-15,dic(15;16)(?;7),+21
[cp7] (Fig. 3).

Discussion

The establishment of a hematopoietic cell line from the bone
marrow is still a coincidental event. In spite of this, we suc-
ceeded in establishing the IL-6-dependent plasma cell leuke-
mia cell line from the bone marrow of a patient with
aggressive plasma cell leukemia.

Kawano et al. (4) first showed that myeloma cells prolif-
erate in response to IL-6. Other factors such as fibronectin
can also be critical (12). Till now, 29% and 8% of plasma
cell-derived cell lines have been established with dependence
on IL-6 or on stroma cells, respectively. IL-6 has been found
to be nearly the only cytokine these cell lines are dependent
on (7, 9). In accordance with this finding, IL-6 was found to
be essential for both survival and growth of UHKT-944
cells.

UHKT-944 cells express CD38 and CD138, which distin-
guish them from their B-cell progenitors, and point to the
plasma cell phenotype. Aberrant expression of T-cell costim-
ulatory receptor CD28 on the surface of most of PCL and
MM cell lines is very frequent and is also present on
UHKT-944 cells. Indeed, this appears to be of significant
importance emerging from a study where CD28-mediated
ligation of CD80/CD86 on stromal dendritic cells directly
transduced a prosurvival signal to myeloma cell, protecting
it against chemotherapy and growth factor withdrawal-
induced death, and induced the dendritic cells to produce the
prosurvival cytokine IL-6 (13). The aberrant expression of
CD28 and myeloid CD33 (14), the presence of CD98 (15),
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Figure 2 Giemsa staining of patient’s bone
marrow (A and B) and UHKT-944 cell line (C
and D). The typical plasma cell line morphology
is shown: Different cell size, multinuclear cells,
mitosis. Magnification 1500x.

and the absence of CD56 (16-18) and CD117 (19) have
been shown to correlate with a poor prognosis of plasma
cell-derived malignancies. The same expression pattern
(except slight expression of CD56) was found in UHKT-944
cells, which is in agreement with rapid progress of the
patient’s disease. On the other hand, CD105 (endoglin) with
crucial role in angiogenesis and therefore in tumor survival
and expansion was negative in UHKT-944 cells, but positiv-
ity of all tested MM cell lines is striking. CD85k, CD98,
and CD184 have not been tested in either of plasma cell-
derived cell lines at least in the point of their establishment,
but were positive on UHKT-944 cells. Unique and strong
coexpression of CD85k (ILT-3, LIR-5) with CD123 (IL-3R
alpha) is peculiar, because both are associated with and used
for the detection of plasmacytoid dendritic (pDC) cells. Also
peculiar case of acute myeloid leukemia mimicking plasma-
cytoid dendritic precursor cell leukemia appeared (20).
CDla, found on UHKT-944 cells, is also expressed on den-
dritic cells. CD89, the human IgA Fc receptor, should be
present on myeloid cells and T lymphocytes and corresponds
with its absence on UHKT-944 cells. CD98 (LAT1) plays a
key role in cell growth and survival. Recent study shows
LAT1 is a significant prognostic factor. Correspondingly
with UHKT-944, its overexpression on myeloma cells was
associated with high proliferation in patients with MM and
their poor prognosis (15). Although CDI184 (CXCR4,
chemokine receptor) was not tested on other plasma cell-
derived cell lines at their establishment, it was clearly pre-
sented on UHKT-944 cells and also on plasma cells in
patients with MM (21). It was demonstrated to be involved
in a homing and an expansion of MM cells (22). CD3,
CDS8, CD34, CDI13, CD15, and CD65 were negative on
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Table 1 Cell surface markers analysis of UHKT-944 cell line and their comparison with other plasma cell-derived cell lines

Other cell lines

PCL MM Plasmacytoma
UHKT-944 - 7’
Cell surface marker Expression level’ Positivity n Positivity n Positivity n
Plasma cell marker
CD 138 +++ 82% 11 82% 28 100% 1
T-/NK cell marker
CD1a + 50% 2 0% 2 0
CD3 — 0% 11 0% 37 0% 2
CD4 — 0% 5 7% 27 50% 2
CD5 — 0% 9 3% 35 0% 2
CD8 — 0% 5 0% 24 0% 2
CD28 ++ 67% 3 9% 23 0
B-cell marker
CD9 + 0% 3 46% 13 0
CD10 — 7% 15 22% 46 33% 3
CD19 — 6% 18 10% 51 0% 3
CD20 — 12% 17 13% 47 0% 3
CD21 — 25% 8 14% 29 0% 1
CD24 — 20% 5 5% 20 0
Progenitor/activation/other marker
CD34 — 0% 4 0% 15 0% 1
CD38 e 83% 18 82% 50 100% 3
CD45 + 43% 7 40% 20 0
CD56 + 70% 10 41% 41 100% 1
CD85k +++ 0 0 0
CD98 +++ 0 0 0
HLA-DR + 23% 13 36% 44 67% 3
Myelomonocytic marker
CD13 — 0% 9 0% 31 0% 2
CD15 — 0% 5 0% 20 0
CD33 ++ 13% 8 21% 19 0% 2
CDW65 - 0%2 1 0%? 7 0
Cytokine/other receptor
CD25 — 0% 5 7% 27 0
CD89 — 0 0 0
CD95 — 0% 1 67% 6 0
CD105 — 0 100% 4 0
CD117 — 50% 2 0% 5 0
CD123 +++ 0 0% 1 0
CD184 ++ 0 0 0
"Expression level is evaluated as negative (—), weak (+), moderate (++), and strong (+++).

2CD65 has been tested. Positivity is counted from number of tested cell lines (n) for the given marker. Only clear positivity of plasma cell-derived

cell lines is comprised.

UHKT-944 and always negative in plasma cell lines at the
time of their establishment. Other markers are differently
expressed among the cell lines.

UHKT-944 cells were found to produce IgA1l and x light
chain, which is in agreement with the finding of IgA and x
light chain in the patient’s serum and urine, respectively.
Mass spectrometry analysis showed similarity to kappa light
chain with specificity to HBsAg that could be potentially uti-
lized in the research or human medicine. Unfortunately, this
anti-HBsAg specificity was not confirmed by further analyses.

Concerning genotype changes, chromosomal translocations
within the IgH locus are common in MM and PCL. Several
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studies have shown that the prevalence of IgH chromosomal
translocations increases with the progress of the disease
(23-25). More specifically, t(14;20) translocation is associ-
ated with poor prognosis in MM and was also detected in
some MM and PCL cell lines including UHKT-944 (26,
27). 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. Similarly, 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 and is the
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Figure 3 The karyotype of patient’s bone marrow (A) and UHKT-944 cell line (B) obtained by mFISH analysis. Karyotypes show both numerical
and structural chromosomal changes. The composite karyotype is described in the text.

most abundant missing chromosome among plasma cell-
derived cell lines (28, 29). One or more missing or redun-
dant chromosomes of the given chromosome detected in
UHKT-944 cells have been also found in several PCL, MM,
and plasmacytoma cell lines: In descending order, the most
abundant numeric chromosome changes in PCL are -13, -9,
-15, -10, -1/-11/-18, +3/-4/-8/+21; in all plasma cell lines: -
13, -10, -15, -8/+21, -9, -1/-4, +3, -11, -18. UHKT-944 cells
carry der(13)t(1;13), which was also found in FR4 plasma-
cytoma cell line (30). T(1;9), (1;18), (6;18) (15;16), and del
(5) were also found in plasma cell lines, but on different lo-
cuses and very rarely. Other structural abnormalities in
UHKT-944 karyotype appear to have been noted for the first
time among plasma cell lines (7, 11, 12).

The analysis of IgVH gene rearrangements provides a
prognostic tool in hematopoietic malignancies and an evi-
dence of clonal origin of the disease (31, 32). The rearrange-
ment of VH3-9 gene found in UHKT-944 cells was rarely
found in MM, and the gene is also rarely expressed in other
malignant and non-malignant B-cell populations (33).

In conclusion, the established IL-6-dependent UHKT-944
cell line can be utilized for further studies, especially those
of the cytokine role, in basic and applied research of mye-
loma and plasma cell leukemia, and, possibly, for vaccine or
hybridoma development.
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