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Abstr akt

Genomova nestabilita projevujici se mimo jiné ptitomnosti nebalancovanych zmén je
charakteristickym rysem maligni transformace bunky. Metodami I-FISH, mFISH, mBAND,
CGH array, SNP array, MLPA, MS-MLPA a MS-PCR jsme analyzovali genomové aberace,
metylaéni a mutacni stav nékterych klinicky vyznamnych genii. Zaméfili jsme se na dvé
skupiny nemocnych, u kterych se Casto setkavame s nebalancovanymi zménami — pacienty s
malignimi mozkovymi nadory (gliomy) a nemocné s myelodysplastickymi syndromy (MDS).

U pacientd s nizkostupiiovymi gliomy (WHO grade I-II) patfila k nejcastéjSim
nalezim kodelece 1p/19q (82,6 % nemocnych s oligodendrogliomy a oligoastrocytomy),
mutace IDH1/IDH2 gena (87 % s WHO grade I-11 gliomy), ziskana UPD 17p (72,2 %
pacientl s astrocytomy) a obecné vyssi vyskyt nebalancovanych zmén u nemocnych
s astrocytomy. Popsali jsme dosud nepublikovanou metylaci promotoru genu MLH3 u 60,9 %
nemocnych s oligodendrogliomy a 27,3 % pacientd s astrocytomy. RovnéZ jsme sledovali
zisk chromosomovych aberaci u nemocnych s recidivujicimi nadory.

V souboru nemocnych s MDS a komplexnim karyotypem jsme studovali piestavby
deletovaného chromosomu 5 a popsali jsme jeho nejcastéjsi translokacni partnery. U 49 %
pacientt z tohoto souboru jsme pozorovali znaky chromotripsis spojené s vysokym poctem
deleci/ amplifikaci, s ¢etnym vyskytem aberaci kratkych ramen chromosomu 17, velmi
Spatnou prognozou a vysokym rizikem transformace do akutni myeloidni leukémie (AML).
Za pouziti kombinace CGH array, I-FISH a sekvenaénich technik jsme popsali dosud
neznamy fuzni gen ASXL1-TSHZ2 u pacienta s MDS a s isoderivativnim chromosomem 20 -
ider(20q).

Tyto nalezy piispivaji nejen k pfesném urceni subtypu onemocnéni nebo ke stanoveni
jeho progndzy, ale vbudoucnu mohou ptispét také k lepSimu pochopeni patogeneze
hematologickych malignit a solidnich nadorti a tim i k vyvoji novych lécebnych pfistupt

cilenych na konkrétni geneticky profil nddorovych bunék.

Kli¢ova slova: molekularni analyza, cytogenetickd analyza, maligni mozkové nadory,

myelodysplastické syndromy



Abstract

Malignant transformation of cell is characterized by genomic instability that involves
unbalanced changes besides other things. We analyzed genomic aberrations, promoter
methylation and mutations of several clinically relevant genes using I-FISH, mFISH,
mBAND, CGH array, SNP array, MLPA, MS-MLPA and MS-PCR methods. We focused on
two groups of patients well known for frequent appearance of unbalanced changes — patients
with malignant brain tumors (gliomas) and patients with myelodyspastic syndromes (MDS).

In patients with low grade glioma (WHO grade | — II), the codeletion of 1p/19q
(82,6% oligodendrogliomas and oligoastrocytomas), mutation of IDH1/IDH2 genes
(87% WHO grade I-1l gliomas), copy neutral loss of heterozygozyty of 17p (72,2%
astrocytomas) and higher presence of unbalanced aberration in astrocytomas belongs to the
most frequent findings. We described yet unpublished methylation of MLH3 gene promoter in
60,9% oligodendrogliomas and in 27,3% astrocytomas. We also observed clonal evolution in
patients with recurrent tumors.

We studied secondary rearrangements of deleted chromosome 5 in patients with MDS
and complex karyotype and we described its most recurrent translocation partners and
breakpoints. We observed chromothripsis in 49% of these patients that was frequently
associated with high number of deletions/ amplifications, aberrations of short arm of
chromosome 17, poor prognosis and higher risk of transformation to acute myeloid leukemia
(AML). We also described a new fusion gene ASXL1-TSHZ2 in patient with MDS and
isoderivative chromosome 20 [ider(20q)] using CGH array, I-FISH and sequencing methods.

These findings contribute to early and specific classification of cancer subtype as well
as to determination of patient’s prognosis. They may also help better understanding of
hematologic malignancies or solid tumor pathogenesis and therefore assist in the development

of new therapeutic approaches targeted to the particular genetic profile of cancer cells.

Key words: molecular analysis, cytogenetic analysis, malignant brain tumor, myelodysplastic

syndromes



Uvod

Analyza genomu nadorovych bunék za vyuziti cytogenetickych a molekularné
genetickych metod patii k zakladnim vySetfenim nemocnych S nadorovym onemocnénim.
Tyto piistupy jsou potiebné nejen ke stanoveni diagnézy, ale také k uréeni velikosti
nadorového klonu, stanoveni progndzy, detekce remise, ¢i relapsu a sledovani tspéSnosti
1éCby.

V ramci predkladané disertacni prace jsme analyzovali nebalancované ptestavby
genomu, vybrané genové mutace a metylacni stav genovych promotord u nemocnych
S riznym typy malignich a premalignich onemocnéni. Zaméfili jsme se zejména na dvé
skupiny onemocnéni, které jsou znamé cCastym vyskytem nebalancovanych genomovych
zmén — pacienty s malignimi mozkovymi nadory a nemocné s MDS (myelodysplastickymi
syndromy). K presné detekci zmén v genomu nadorovych bun¢k jsme vyuzivali konvencni a
molekularné cytogenetické metody, I-FISH, mFISH, mBAND, CGH array, SNP array,
MLPA, MS-MLPA a MS-PCR.

V prvni ¢asti disertacni prace jsou shrnuty soucasné poznatky o balancovanych a
nebalancovanych zménach v genomu nadorovych bunék a jejich tloze v patogenezi
onemocnéni. Druhd ¢ast obsahuje soubor publikovanych praci opatfenych komentafem k

vlastnim vysledkiim.



Cileprace

1. Analyza genetickych a epigenetickych zmén v genomu nadorovych bunék

nemocnych s malignimi mozkovymi gliomy

Molekularné cytogeneticka analyza genomu nadorovych bunék dospélych nemocnych
s vybranymi malignimi mozkovymi nadory - astrocytomy, oligodendrogliomy,
oligoastrocytomy a glioblastomy detekce rekurentnich aberaci; analyza metylace
promotorovych oblasti vybranych genti; popis ziskanych aberaci u pacientl s
relabujicimi difaznimi mozkovymi gliomy; zhodnoceni vlivu nalezenych zmén na
diagnozu a progndzu nemocnych; sestaveni panelu metod pro detekci specifickych

zmeén a jejich zavedeni do rutinni diagnostiky diftznich gliom.

2. Analyza nebalancovanych zmén a komplexnich karyotypu Vv buiikiach kostni
dit‘ené u nemocnych s myelodysplastickymi syndromy

Cytogeneticka a molekularné cytogeneticka analyza bunék kostni dfené nemocnych s
MDS; detekce rekurentnich chromosomovych aberaci; zjisténi nejéastéjSich
zlomovych mist na chromosomech zahrnutych do komplexnich pfestaveb; analyza
zlomovych mist na Urovni vybranych genu; popis frekvence chromotripsis a jejiho
prognostického vyznamu pro nemocné; zhodnoceni vlivu popsanych zmén na

diagnozu a progndézu onemocnéni.



Soucasné poznatky o nestabilité genomu nadorovych bunék a jeji roli v patogenezi
onemocnéni

Mitoticke chromosomy slouzi predevsim k pienosu a zachovani genetické informace
beéhem bunécného cyklu. Stabilita chromosomt béhem tohoto procesu je nezbytna pro
normélni fungovani somatickych bunék, a proto byla v prib&éhu evoluce vyvinuta fada
kontrolnich a repara¢nich mechanismu zajist'ujicich tuto funkci (Ye, et al. 2007). Piesto neni
genom lidskych somatickych bungk stabilni.

Aktualni hypotéza tumorigeneze je zaloZena na piedpokladu, Ze mutace (véetné
chromozomovych piestaveb) umozni dé€lici se bunice ziskat selektivni vyhodu (Schvartzman,
et al. 2010). V prubc¢hu dalsich dé€leni je pak zajisténa jejich stabilita v genomu burnky a
v novém kole klonalni selekce miize dochazet k zisku dalSich mutaci. Tento mnoha-krokovy
proces vyusti ve vznik nadoru, ktery miZze tvofit metastazy, byt klinicky agresivni a
expandovat do okolnich tkani (Greaves and Maley 2012).

Na chromosomové Urovni se nadorova burika projevuje vznikem numerickych a/nebo
strukturnich aberaci, které lze detekovat pomoci rtiznych cytogenetickych a molekularné
genetickych technik (I-FISH, mFISH, mBAND, CGH array, SNP array a MLPA). Numerické
aberace zahrnuji piipady, pii kterych dochazi ke zméné pocétu chromosomu (aneuploidie,
monosomie - jeden nebo vice chromosomi chybi, trisomie ¢i tetrasomie atd. - chromosomy
ptitomny v nadpocetnych kopiich) ¢i celych chromosomovych sad (polyploidie).

Strukturni  chromosomové aberace predstavuji skupinu s abnormalni stavbou
chromosomu, pficemz puvodni mnozstvi genetického materidlu muze, ale nemusi byt
zachovano. Dé¢lime je na balancované (pivodni mnozstvi genetického materialu zistava
zachovano) a nebalancované (Cast genetického materialu chybi ¢i je zmnoZena). Ziskem
(amplifikaci) genetického materidlu dochazi ke zvy3eni genové davky a amplifikovana oblast
velice Casto zahrnuje néktery z protoonkogend (napf. EGFR, MYC, apod.). DalSi skupinu
nebalancovanych zmén predstavuji delece. Jsou spojené se ztratou genetického materiélu a
Casto zahrnuji tumor-supresorové geny (napi. RB1, TP53, CDKN2A, apod.), reparacni geny a
geny pro miRNA.

Chromosomove aberace lze v nadorovych bunikach nalézt samostatné ¢i v rtiznych
kombinacich. Pfitomnost fady rtuznych chromosomovych aberaci a jejich kombinaci je
typickym projevem genové nestability nadorovych bunék. Pokud dochazi ke kumulaci vice
zmén v jedné bunce, oznaCujeme takovy nalez jako komplexni karyotyp. Nejcast&ji jsou
komplexni karyotypy popisovany jako zmény, které zahrnuji 3 a vice chromosomi anebo

takové zmény, kde doslo ke tfem a vice zZlomiim na chromosomech (Schoch, et al. 2001).



Nedavny rozvoj metod sekvenovani nove generace v kombinaci se SNP array odhalila
v genomu nadorovych bunék ptitomnost velkého mnoZstvi kryptickych intra- i inter-
chromosomovych piestaveb, které jsou natolik slozité, ze pravdépodobné nemohly vzniknout
postupné a nezavisle na sobé. Tento jev byl oznacen jako chromotripsis (Stephens, et al.
2011). Stézejnim znakem chromotripsis je vznik desitek ¢i stovek DNA zlomi
lokalizovanych na jednotlivych chromosomech nebo jejich ¢astech (zlomové clustery) (Maher
and Wilson 2012; Stephens, et al. 2011).

Chromotripsis byla poprvé popsand u pacientky s CLL (chronickou lymfocytarni
leukemii) (Stephens, et al. 2011) a doposud byla pozorovana u velkého mnozstvi riznych
typt hematologickych malignit 1 solidnich nadorG. Frekvence chromotripsis se mezi
jednotlivymi typy nadort velmi 1i8i, od témé&f nulového az do stoprocentniho vyskytu, jako
bylo napiiklad popsano u SHH (Sonic Hedgehog) meduloblastomu s mutovanym TP53
(Rode, et al. 2016).

Nebalancované zmény karyotypu lze nalézt v nadorovych buikach nemocnych
s hematologickymi malignitami i solidnimi nadory. Tyto zmény cCasto nalézdme bchem
prvniho cytogenetického vySetieni pii stanoveni diagnozy. Rada t&chto zmén je specificka pro
urcity subtyp malignit ¢i nemalignich stavii z ¢ehoZz vychazi aktuélni WHO (Word Health
Organisation) klasifikace nddorovych onemocnéni. Nemocni jsou dle laboratornich nalezt
fazeni do prognostickych skupin. Kromé klinického vyznamu hraje vyzkum
chromosomovych aberaci nespornou tlohu v pochopeni nadorové transformace bunék a jejich
vyznamu pro patogenezi nadorového onemocnéni. Disledna analyza rekurentnich zlomovych
mist a zmén muze vést k odhaleni pfi¢in vzniku nadorovych onemocnéni a mize pomoci

odhalit aberace, které mohou hrat dileZzitou roli v ranych i pozdnich stadiich tumorigeneze.
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Shrnuti vysledki na zakladé publikaéni aktivity

1. Analyza genetickych a epigenetickych zmén v genomu nadorovych bunék

nemocnych s malignimi mozkovymi gliomy

Gliomy jsou primarni mozkové nadory vznikajici z bunék podptirné mozkove tkané
(neuroglii) a tvoti 44 % vSech nadort centralni nervové soustavy. Jejich roéni vyskyt
v evropské populaci ¢ini 5,6 novych ptipadt na 100 000 osob (Darlix, et al. 2016). Soucasna
WHO Kklasifikace rozdéluje difuzni gliomy nejen podle jejich fenotypu, ale také dle
specifickych genetickych zmén. Nadory jsou déleny do ¢étyt stupnia (WHO grade I-1V) podle
stupn¢ malignity. Mezi nejcastéj$i subtypy patii astrocytomy (grade II a III),
oligodendrogliomy (grade Il a 111), oligoastrocytomy (grade Il a I11) a glioblastomy (grade V)
(Louis, et al. 2016).

Jednou ze specifickych genetickych zmén jsou mutace v genech kodujicich IDH1
(isocitrat dehydrogenazu 1) — R132H a IDH2 (isocitrat dehydrogenazu 2) — R172M. Mutace
v IDH genu déli gliomy na dvé genotypové odlidné skupiny, IDH-mutované a IDH-wildtype.
Z divodu cetného vyskytu u vSech typu nizkostupriovych gliomti a rozsahlého dopadu na
fenotyp burky jsou mutace IDH povazZzovany za jednu z nejranéj$ich udalosti v tumorigenezi
difaznich gliomt (Watanabe, et al. 2009). Z hlediska klinického vyznamu maji pacienti
s mutaci v IDH genu lepsi prognézu a celkovou dobu pieziti (Houillier, et al. 2010).

DalSi rekurentni aberaci je kombinovana delece 1p a 19q, ktera se vyskytuje vyhradné
u nadort obsahujicich bunky oligodendrocytarniho ptivodu, tedy u oligodendrogliomi a
oligoastrocytomi. Podle fady autord pfitomnost této aberace znamena pro pacienty obvykle
dobrou prognézu, zejména diky pomalejSimu rastu nadoru a dobré odpovédi na chemo- a
radio- terapii (Cairncross, et al. 2013).

Epigenetické zmény, jakym je naptiklad hypermetylace promotoru genu MGMT (O-6-
metylguanin-DNA-metyltransferazy) ¢i metylace promotoru MMR (mismatch repair) gent,
se mohou také podilet na charakterizaci n&doru. Nadory s hypermetylovanym MGMT
promotorem jsou obvykle citlivéj$i k alkyla¢nim ¢inidlim, jako je napiiklad preparat
temozolomid (Hegi, et al. 2005). Lécba temozolomidem vede k del§imu pieziti nemocnych a
je tedy prvni volbou u pacienti s glioblastomem s metylovanym MGMT promotorem.
(Everhard, et al. 2009; Houillier, et al. 2010).

Ve spolupréci s Neurochirurgickou klinikou Ustiedni vojenské nemocnice v Praze a

Narodni referenéni laboratoif pro DNA diagnostiku Ustavu hematologie a krevni transfuze v
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Praze na naSem pracovisti provadime molekularné cytogenetickou a epigenetickou analyzu
genomu nadorovych bunék u nemocnych sdifaznimi gliomy. K detekci vybranych
specifickych aberaci u raznych histologickych subtypta nddoru pouzivdme I-FISH s panelem
lokus-specifickych a/ nebo centromerickych sond. Nebalancované aberace v gliovych
bunkach detekujeme prostiednictvim SNP array. Mutace IDH1 a IDH2 genu vySetfujeme
pomoci metody MLPA. Metylace MGMT promotoru a promotort MMR gend vySetifujeme
prostiednictvim metody MS-MLPA. Pozitivni néalez metylace promotoru MMR gend
ovéiujeme metodou MS-PCR.

V letech 2012 — 2015 jsme retrospektivné ¢i prospektivné vysetiili celkem 126
pacientti (57 Zen a 69 muzd, median véku 40,5 let) s difuznimi gliomy. Nemocné jsme
rozdé€lili do dvou skupin na nizkostupnové gliomy — WHO grade | a Il (76 pacientil) a
vysokostupnové gliomy — WHO grade 111 a IV (50 pacienti).

V nasi studii jsme se pfedev§im zaméfili na skupinu nemocnych s nizkostupfiovymi
gliomy. Potvrdili jsme vyskyt mutaci IDH1 ¢ IDH2 genu v 87 % vSech histologicky
definovanych ~ nizkostupnovych  gliomech. Pro  nemocné s nizkostupnovym
oligodendrogliomem byl, v souladu s odbornou literaturou, specificky nalez 1p/19q kodelece
(83% pacientl). Dale jsme pozorovali ziskanou uniparentalni disomii (UPD) na kratkych
ramenech chromosomu 17, ktera je spojovana s mutacemi v genu TP53 (Suzuki, et al. 2015).
Tuto aberaci jsme detekovali u 73 % pacient s astrocytomem, avSak u Zadného pacienta
s oligodendrogliomem (Lhotska, et al. 2015; Lhotska, et al. 2014). O klinickém vyznamu vySe
zminénych aberaci svéd¢i skutenost, ze byly zahrnuty do nedavno revidované WHO
Klasifikace mozkovych nadord (Louis, et al. 2016). Rovnéz na naSem pracovisti jsme jiz
analyzu aberaci metodou I-FISH a detekci mutaci genti IDH1 a IDH2 metodou MLPA zavedli
do rutinni praxe.

Pocet chromosomovych aberaci u nizkostupniovych astrocytomu se statisticky lisil od
poctu aberaci pozorovanych u nemocnych s oligodendrogliomy (p=0,0001). Median u
astrocytomi byl 6,9 a u oligodedrogliomt 3,5 zmén (Lhotska, et al. 2015). Pravé vyssi vyskyt
aberaci v bunkach astrocytomt muze byt jednou z pfi¢in hor$i prognozy u téchto pacienta.

Metylaci MGMT promotoru jsme pozorovali u 56 % nemocnych s nizkostupniovymi
astrocytomy a u 81 % nemocnych s nizkostupiiovymi oligodendrogliomy. Rovnéz inaktivace
dalSich gent podilejicich se na opravach DNA, ke kterym patii i MMR geny, muze hrat roli
Vv patogenezi gliomt. V nasi pilotni studii jsme za pouziti metod MS-MLPA a MS-PCR
detekovali metylaci MLH3 (MutL homologu 3) promotoru u 27 % difaznich astrocytomu a
61 % oligodendrogliomt (Lhotska, et al. 2015). Metylace promotoru mize byt v nékterych
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piipadech nedostacujici ke snizeni proteinové exprese. Avsak v ptipadé MLH3 genu Jiang a
kol. popsali jeho statisticky signifikantné snizenou expresi u nizkostupfiovych astrocytomu
(Jiang, et al. 2006). Naslednou analyzou vétsi skupiny nizkostupiiovych gliomt jsme mohli
srovnat OS u nemocnych s kombinovanym nalezem mutace IDH genu a metylace MLH3 a
pacientd s mutaci IDH bez metylace MLH3. Pacienti s kombinovanym nalezem mutace
IDH/metylace MLH3 maji statisticky del$i OS na hladiné vyznamnosti p = 0,1 (p = 0,089).

Rada relabujicich gliomtl je charakterizovana sdilenym souborem mutovanych genti a
chromosomovych aberaci, které s nejvétsi pravdépodobnosti pochazi z jedné prekurzorové
bunky (Lass, et al. 2012; Suzuki, et al. 2015). Z tohoto divodu je 1é¢ebna terapie zamétfena na
molekularni markery definované u prvotni 1éze. Avsak i pfes cilenou 1écbu a radikalni resekci
nadoru, po urcité asymptomatické fazi vzdy dochazi u velké vétSiny pacientd k progresi
nadoru. V nasi studii jsme na dvou konkrétnich piipadech potvrdili, Ze kazdy z glioma je
unikatni entitou, ktera obsahuje velké spektrum rtiznych chromosomovych zmén (Lhotska, et
al. 2016).

2. Analyza nebalancovanych zmén a komplexnich karyotypi u nemocnych

s myelodysplastickymi syndromy

Myelodysplastické syndromy (MDS) piedstavuji skupinu klonalnich onemocnéni
kostni dfené, ktera jsou obvykle asociovana s morfologickou dyspldzii hematopoetickych
bungk, cytopeniemi v periferni krvi, neefektivni hematopoézou a s rizikem progrese do akutni
myeloidni leukémie (AML) (Cazzola and Malcovati 2005; Vardiman 2003). Ro¢ni incidence
MDS ¢ini okolo ¢tyi nemocnych na 100 000 obyvatel (Ades, et al. 2014). VétSina nemocnych
je diagnostikovana v pozd¢jsim véku, (medianem véku pii primarni diagnoze 65 let, mén¢ nez
10 % nemocnych je mladSich padesati let).

Typické morfologické znaky MDS mimo jiné zahrnuji defekty v maturaci bunék
myeloidni linie ¢i pfitomnost prstencitych sideroblasti. Dle WHO klasifikace se pak
myelodysplastické syndromy déli na jednotlivé subtypy hlavné na zakladé miry dysplazie
myeloidnich bunék, pocétu blastt v periferni krvi i kostni dieni a cytogenetického nalezu
(Arber, et al. 2016). Klonalni chromosomové aberace jsou popisovany u ~50 % nemocnych s
de novo MDS a az ~80 % nemocnych se sekundarnimi MDS. U ostatnich 20-50 %
nemocnych s normalnim karyotypem muzeme pozorovat submikroskopické genetické zmény

(bodové mutace, mikrodelece, mikroamplifikace, epigenetické zmény, CN LOH, aUPD).
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Myelodysplastické syndromy se obecné vyznacuji charakteristickym genetickym
profilem zahrnujicim pfevazn€ nebalancované zmény. VétSinou jsou pozorovany ztraty
genetického materidlu ve formé¢ deleci ¢i monosomii. Zisk genetického materidlu (parcialni
nebo kompletni trisomie) a balancované translokace jsou méné¢ casté. Mezi prognosticky
vyznamné a tedy nejlépe prostudované cytogenetické zmény u MDS patii izolovana delece
dlouhych ramen chromosomu 5 [del(5q)], ztrata celého chromosomu 7 nebo delece jeho
dlouhych ramen [del(7q)], a dale delece kratkych ramen chromosomu 17 [del(17p)], kteréa je
spojovana s mutacemi genu TP53. DalSimi vyznamnymi nalezy jsou trisomie chromosomu 8,
delece dlouhych ramen chromosomu 20 [del(20p)], delece dlouhych ramen chromosomu 11
[del(11q)] atd. (Haase 2008; Sperling, et al. 2017). Progn6za nemocnych se mezi jednotlivymi
aberacemi 1isi, avSak jakykoliv zisk dalich aberaci béhem vyvoje onemocnéni ¢i vyskyt
komplexniho karyotypu znamend zhorseni prognézy (Wang, et al. 2010).

V letech 2002 az 2016 jsme na nasem pracovisti rektrospektivné i prospektivné
vySetiili vramci grantovych projekti nemocné s MDS kombinaci metod konvencni
cytogenetiky, mFISH, mBAND, I-FISH a CGH/SNP array. Ziskana data jsme pak vyuZili pro
sepsani nékolika publikaci.

Analyzovali jsme skupinu 148 nemocnych s komplexnim karyotypem a intersticialni
deleci dlouhych ramen chromosomu 5 s cilem zjistit, které chromosomy nebo chromosomove
oblasti vstupuji nejcastéji do komplexnich piestaveb, lokalizovat pfesna zlomova mista na
pfestavénych chromosomech a identifikovat nebalancované genomové zmény, které mohou
hrat vyznamnou Ulohu v progresi onemocnéni (Zemanova, et al. 2014).

V této studii jsme nejcastéjSi zlomy pozorovali v oblastech 5q14.3, 5934, 5933.3,
5011.2 a 5g13.2. Fragmenty chromosomu 5 pak byly casto translokovany na jiné
chromosomy, konkrétn¢ se jednalo o chromosomy 17, 3, 7 a 18 (sefazeno dle Cetnosti
vyskytu).

Krom¢ delece chromosomu 5 jsme <casto pozorovali delece ¢i monosomie
chromosomi 3, 7, 16, 17 a 18. Amplifikace ¢i trisomie/tetrasomie se v naSem souboru
22, 11, 13, a 9. Komplexni karyotyp ve vétsiné pripadid (89,2 %) obsahoval vice nez pét
chromosomovych zmén. U nemocnych s vice nez péti aberacemi jsme prokazali statisticky
horsi celkové preziti (p = 0,004), které pravdépodobné souvisi sVvysokou genomovou
nestabilitou studovanych bunék.

Analyza genomu pomoci DNA array u 49 % nemocnych s komplexnim karyotypem

odhalila zmény, skladajici se z velkého mnozstvi ztrat ¢i ziskt genetického materialu v rdmci
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ohrani¢en¢ho useku chromosomu. Rozpad chromosomti na malé kousky nejspise vznikl jako
dusledek chromotripsis. V naSem souboru byly nejéastéji zasazeny chromosomy 5, 7, 12 a 17.
Celkové preziti (OS) pacientii se nijak neliSilo od ostatnich nemocnych s komplexnim
karyotypem (median OS pro obé skupiny byl 4 mésice, p = 0,024). V dalsi studii jsme na
vétsim souboru vySetfenych pacientti (222 pacientt s MDS a komplexnim karyotypem)
popsali vyssi frekvenci ztraty hererozygozyty ¢i ziskanou uniparentdlni disomii na kratkych
ramenech chromosomu 17 u nemocnych s vyskytem chromotripsis (p = 0,05) (Zemanova, et
al. 2016). Prave oblast 17p je spojovana s mutacemi v genu TP53, jehoz ztrata exprese miize
vyUstit v tak rozsahlé a katastrofické piestavby jako je zmifiovana chromotripsis (Jasek, et al.
2010).

V dalsi praci jsme se u nemocného s refraktorni anémii s prstencitymi sideroblasty
(MDS-RARS dle WHO Kklasifikace 2008) zaméfili na analyzu isochromosomu 20 se ztratou
intersticialni ¢asti 20q [ider(20q)] (Brezinova, et al. 2014). Pomoci FISH s lokus specifickymi
sondami jsme potvrdili deleci oblasti 20q11/20q12. Metodou mBAND jsme pifesné¢ popsali
ider(20)(g10)del(20)(q11.1q13.1). Metoda CGH array potvrdila dvé amplifikované oblasti
add(20)(pl1q11.21) a add(20)(q13.2q13.33), a dvé deletované oblasti, del(20)(pterpll.2) a
del(20)(q11.21q13.2). Pomoci Sesti bacterial artificial chromosome (BAC) sond jsme
potvrdili mista zlomu zahrnujici proximalné¢ gen ASXL1 (Additional Sex Comb Like 1) a
distalné gen TSHZ2 (Teashirt Zing Finger Homeobox 2). Vznikl tak novy fazni gen, ktery
jsme ovéfili sekvenovanim na mRNA drovni. Prokézali jsme, Ze se jedna dicentricky
chromosom a ze ke zlomu dosSlo za 4. exonem ASXL1 genu a pted 3. exonem TSHZ2 genu.
Na rozdil od samotné delece 20q, kterd pro nemocného znamena dobrou progndzu, mutace
ASXL1 genu, ptedevs§im zahrnujici exon 12, ma neptiznivy vliv na vyvoj onemocnéni (Baker,
et al. 2008).

Zamgéfili jsme se rovnéz na detailni analyzu deleci ASXL1 genu (Brezinova, et al.
2016). V souboru 32 nemocnych se samostatnou deleci 20g jsme popsali parcialni deleci
ASXL1 genu u 24 % nemocnych, deleci celého genu u 32 % pacienti. Metoda CGH/SNP
array prokazala jako nejCast&jsi, avSak ne vyluéné zlomové misto 4. exon ASXL1 genu (pét
nemocnych), dvanacty exon byl deletovan u vSech pacienti. Pozorujeme mirny neptiznivy
trend u pacientd s deleci, nicméné vzhledem k nizké frekvenci vyskytu této aberace, a tedy i
malému poctu pacientl, jsme jej prozatim nemohli statisticky potvrdit. NaSe studie vSak
naznacuje, ze nejen mutace genu ASXL1, ale také jeho parcidlni ¢i totdlni delece mize mit

nepiiznivy vliv na progndézu nemocnych s MDS.
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Zavéry

Zavér - cil 1.

NejcastéjSimi nalezy byly v souladu s literaturou kodelece 1p/19q u nemocnych s
oligodendrogliomy, mutace v IDH genech a dale ziskané UPD na 17p u nemocnych s
astrocytomy. Nékteré z téchto zmeén jsou v soucasné dob¢ jiz zahrnuty do revidované¢ WHO
klasifikace difaznich nadorti. U nemocnych s astrocytomy jsme pozorovali vyssi komplexitu
nebalancovanych piestaveb v gliomovych buiikéch, kterd by mohla souviset s obecné horsi
progndzou u téchto pacientll. Dale jsme v nasi studii prvné¢ popsali metylaci promotoru genu
MLH3 u nizkostupniovych difiznich gliomt. Vzhledem k absenci metylace promotoru
ostatnich MMR gent je mozné, ze metylace MLH3 promotoru hraje vyznamnou roli v
tumorigenezi glioml a miize pfedstavovat dal§i potencidlni terapeuticky cil. Také jsme
poukazali na to, ze kazdy z glioma je jedinecnd entita, kterd se v prib&hu casu vyviji, at’ uz
vlivem klonalniho vyvoje, ¢i selekce zptusobené 1éCbou. Z tohoto divodu je komplexni
analyza genomu 1 epigenomu diagnostickych, ale 1 nasledujicich vzorkti malignich

mozkovych gliom velmi pfinosnym piistupem k ptipadné modifikaci 1écebné terapie.

Zavér —cil 2.:

Kombinaci molekuldrné cytogenetickych a molekuldrné genetickych metod jsme
analyzovali nebalancované chromosomové zmény v genomu preleukemickych bunék
nemocnych s myelodysplastickymi syndromy. Popsali jsme nejéastéjs$i rekurentni zlomova
mista na deletovaném chromosomu 5. Zjistili jsme, Ze do prestaveb s deletovanym
chromosomem 5 nejcastéji vstupovaly chromosomy 17, 3, 7, a 18. U 49 % nemocnych s MDS
a komplexnim karyotypem jsme pozorovali rozpad nékterych chromosomil nebo jejich casti,
V literatufe popisovany jako chromotripsis. Soucasné s timto jevem jsme pozorovali Cetny
vyskyt aberaci kratkych ramen chromosomu 17, zahrnujicich tumor supresorovy gen TP53.
Za pouziti kombinace metod CGH/SNP array a I-FISH jsme ptesné urcili zlomové misto na
derivovanem isochromosomu 20 u nemocného s MDS-RARS a popsali jsme novy, dosud
neznamy fuzni gen ASXL1-THSZ2. Nase vysledky ukazuji, Ze kombinace molekularné
cytogenetickych metod umozituje nejen piesné popsat chromosomové piestavby, ztraty ¢i
zisky chromosomového materiélu, ale také identifikovat unikatni jevy (napt. chromotripsis) ¢i

nové fazni geny.
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Introduction

Cancer cells genome analysis using cytogenetic and molecular genetic methods
belongs to the basic examination of patients with malignant diseases. These approaches are
required for patient’s diagnosis and prognosis, determination of cancer clone size, detection of
patient’s remission or relapse and monitoring of success rate of treatment.

We analyzed unbalanced genome changes, mutations and promotor methylation of
several clinically relevant genes in patients with malignant and premalignant diseases in
presented PhD. thesis. We focused on characterization of two patients” cohorts — patients with
malignant brain tumors and patients with MDS (myelodysplastic syndromes) that are very
often associated with high incidence of unbalanced aberrations. We used conventional and
molecular cytogenetic approaches such as I-FISH, mFISH, mBAND, CGH array, SNP array,
MLPA, MS-MLPA and MS-PCR for detection of changes in cancer cell genomes.

Current knowledge on balanced and unbalanced changes in cancer cell genome and
their role in cancer pathogenesis are summarized in first part of dissertation. Second part of

dissertation includes published papers with commentary our results.
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Aims of the study

1. Analysisof genetic and epigenetics changesin cancer cell genomesin patients

with malignant brain tumors

Molecular cytogenetic analysis of cancer cell genome in patients with selected
malignant brain tumors — astrocytomas, oligodendrogliomas, oligoastrocytomas and
glioblastomas; detection of recurrent aberrations; analysis of promoter methylation of
selected genes; description of acquired aberrations in patients with recurrent relapses
of diffuse brain gliomas; evaluation of the impact of observed changes on patients
diagnosis and prognosis; compilation of methodologic panel for detection of specific
aberrations and their introduction to the routine diagnosis of diffuse gliomas.

2. Analysisof unbalanced changes and complex karyotypesin bone marrow cellsin

patients with myelodysplastic syndromes

Cytogenetic and molecular cytogenetic analysis of bone marrow cells of patients with
MDS; detection of recurrent chromosomal aberrations; detection of the most frequent
chromosomal breakpoints involved in complex translocations; breakpoint analysis of
the chosen genes; description of chromothripsis frequency and its prognostic
significance for patients; evaluation of impact of observed changes on patients’

diagnosis and prognosis.
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Current knowledge on cancer genome instability and itsrolein cancer pathogenesis

Mitotic chromosomes mainly serve to transfer and maintain the intact genetic
information during cell cycle. Chromosomal stability during mitosis is one of the most
important conditions for normal functioning of somatic cells therefore a vast number of cells”
checkpoints and repair mechanisms emerged during evolution (Ye, et al. 2007). Despite all
the precautions the genome of human somatic cells is not stable.

The actual hypothesis of tumorigenesis is a mutation (including chromosomal
rearrangements) that confers a selective advantage on a dividing cell (Schvartzman, et al.
2010). The mutation will be stabilized during monoclonal proliferation and the cell will be
exposed to new mutations with a new round of selection. The multi-stage process will
culminate with a significant tumor that will exhibit invasive and metastatic properties and
often considerable clinical aggressiveness (Greaves and Maley 2012).

Cancer cell is characterized by numerical and/or structural changes on chromosomal
level that are detected by various cytogenetic and molecular genetic methods (I-FISH,
mFISH, mBAND, CGH array, SNP array and MLPA). Numerical aberrations represent
changes in chromosome number (aneuploidy, monosomy - missing one or more
chromosomes, trisomy or tetrasomy etc. - more than two chromosomes of a pair) or complete
set of chromosomes (polyploidy).

Structural chromosomal abnormalities represent chromosomes with atypical structure
where complete genetic material may or may not be preserved. In reciprocal (balanced)
aberrations the complete genetic material is maintained whereas in unbalanced changes, part
of the genetic material is lost or amplified. Duplications or amplifications result in gain of
extra genetic material of part of the chromosome. Amplified region very often involves
protooncogenes (e.g. EGFR, MYC). Deletions are associated with loss of genetic material and
may include tumor suppressor genes (e.g. RB1, TP53, CDKN2A), reparatory genes or miRNA
genes.

The cancer cells contain a single chromosomal aberration or diverse number of
chromosomal changes. Higher amount of chromosomal changes misbalance cancer cell
genome and cause cumulation of additional chromosomal aberrations known as complex
chromosomal rearrangements (CCR). CCR are defined as those involving more than three
chromosomes and/or more than three breakpoints (Schoch, et al. 2001).

Next generation sequencing approach in combination with SNP arrays recently
discovered vast amount of intra- and inter-chromosomal cryptic aberrations in genome of
cancer cells. The rearrangements (known under the term chromothripsis) were highly
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complex and they were probably created during one catastrophic event (Stephens, et al. 2011).
Typical feature of chromothripsis is presence of hundreds or thousands clustered breakpoints
in localized regions of single chromosomes or chromosome arms (Maher and Wilson 2012;
Stephens, et al. 2011).

Chromothripsis was first observed in sequencing the genome of a patient with CLL
(chronic lymphocytic leukemia) (Stephens, et al. 2011) and was described in large range of
human hematologic malignancies or solid tumors. Chromothripsis prevalence across different
types of tumor entities varies from almost non-appearance to one hundred percent presence as
was described for SHH (Sonic Hedgehog) medulloblastoma with mutant TP53 (Rode, et al.
2016).

Unbalanced changes are found in cancer cells of patients with hematologic
malignancies or solid tumors and are frequently observed in primary lesions when the patient
is diagnosed. Many of the unbalanced aberrations are characteristic for specific type of
malignancy or premalignancy according to WHO (Word Health Organization) classification
of cancer diseases. Patients are separated into prognostic groups according to laboratory
findings. Scientific investigation of chromosomal aberrations plays a key role in clinical
research as well as in our understanding of cancer cells transformation and cancer
pathogenesis. Consistent analysis of recurrent breakpoints and aberrations may reveal the
cause of cancer origin and may help detection of changes playing key role in early or late

stages of tumorigenesis.
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Summary of results from publications

1. Analysis of genetic and epigenetics changes in cancer cells genome of patients

with malignant brain tumors

Gliomas are primary brain tumors arising from supportive cells of the nervous system
(neuroglial cells) and account for 44% of all intracranial tumors. The incidence of primary
brain tumors in the Europe population is estimated to be 5.6 new adult cases per 100 000
persons per year (Darlix, et al. 2016). The gliomas are divided based on their histological
phenotype and specific genetic changes according current WHO classification. These brain
tumors are graded on scale from | — IV where grade IV tumors carry the worst prognosis. The
most common subtypes in adults are astrocytomas (WHO grade Il and IlI),
oligodendrogliomas (WHO grade I1 and I11) and glioblastomas (WHO grade 1V) (Louis, et al.
2016).

One of the most specific genetic changes are mutations in genes for IDH1 (isocitrate
dehydrogenase 1) — R132H and IDH2 (isocitrate dehydrogenase 2) — R172M. Mutations in
IDH genes divide gliomas into two genetically distinct groups, IDH-mutated and IDH-
wildtype. IDH mutations are frequently observed in all low-grade gliomas (LGG) and they
play a key role in induction of cancer cell phenotype therefore mutation of IDH genes are
considered the earliest event in LGG tumorigenesis (Watanabe, et al. 2009). Moreover, the
patients with mutation in one of IDH genes have better prognosis and longer overall survival
(OS) (Houillier, et al. 2010).

Combined deletion of 1p/19q also belongs to recurrent aberrations exclusively found

in gliomas derived from oligodendrocytes — oligodendrogliomas and oligoastrocytomas. The
patients with codeletion have good prognosis especially due to slower tumor growth and good
response to chemo- or radio-therapy (Cairncross, et al. 2013).
Epigenetic changes such as hypermethylation of MGMT (O-6-methylguanine-DNA
methyltransferase) promoter or methylation of MMR (mismatch repair) genes promoters are
also involved in brain tumor characterization. Gliomas with hypermethylated MGMT
promoter are more prone to alkylating agents such as temozolomide (Hegi, et al. 2005).
Patients treated with temozolomide have longer OS and the reagent is first therapeutic choice
for patients with glioblastoma (Everhard, et al. 2009; Houillier, et al. 2010).

We performed molecular cytogenetic and epigenetic analysis of cancer cells genomes
derived from patients with brain tumors in cooperation with the Department of Neurosurgery,
Central Military Hospital and 1st Faculty of Medicine, Charles University in Prague and
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National Reference Laboratory for DNA Diagnostics, Institute of Hematology and Blood
Transfusion. Dual-color I-FISH with LSI and/or CEP DNA probes was used for detection of
selected specific aberrations in wide range of gliomas subtypes. Unbalanced changes were
detected using SNP array. MLPA approach was used for confirmation of IDH1 or IDH2
mutations. Methylation of MGMT promoter and MMR genes promoters was observed using
MS-MLPA. Positive finding of MMR gene’s promoter methylation was confirmed using MS-
PCR.

Between years 2012-2015, we retrospectively or prospectively studied 126 patients
(57 women and 69 men, median age 40.5 years) with diffuse gliomas. The patients were
divided into two groups: low-grade gliomas - WHO grade | and Il (76 patients) and high-
grade gliomas - WHO grade Ill and 1V (50 patients).

We mainly focused on a group of patients with LGG in our studies. We confirmed the
occurrence of IDH1 or IDH2 gene mutations in 87% in all histologically defined LGG. The
most specific finding of 1p/19q codeletion (83% of patients) was observed in patients with
low-grade oligodendroglioma as was described in the literature. We also observed acquired
uniparental disomy (aUPD) on short arm of chromosome 17, which is associated with
mutations in the TP53 gene (Suzuki, et al. 2015). We detected this aberration in 73% of
patients with astrocytoma but in no oligodendroglioma patient (Lhotska, et al. 2015; Lhotska,
et al. 2014). These aberrations were included in the recently revised WHO classification of
brain tumors (Louis, et al. 2016) as their clinical significance is unquestionable. We therefore
introduced an I-FISH analysis of these aberrations and detection of IDH1 and IDH2 mutations
by the MLPA method to our routine laboratory practice.

The number of chromosome aberrations in low-grade astrocytomas differed
statistically from the number of aberrations observed in oligodendroglioma patients (p =
0.0001). Median of observed chromosomal changes was 6.9 in astrocytomas and 3.5 in
oligodendrogliomas (Lhotska, et al. 2015). The higher incidence of aberrations in astrocytoma
cells may be the reason for worse prognosis, described in these patients.

Methylation of the MGMT promoter was observed in 56% of patients with low-grade
astrocytomas and in 81% of patients with low-grade oligodendrogliomas. Also, inactivation
of other genes involved in DNA repair, such as MMR genes, may play a role in the
pathogenesis of gliomas. In our pilot study, we detected methylation of MLH3 (MutL
homolog 3) promoter in 27% diffusion astrocytomas and 61% oligodendrogliomes (Lhotska,
et al. 2015) using the MS-MLPA and MS-PCR methods. Promoter methylation may be

insufficient to reduce protein expression in some cases. However, in the case of the MLH3
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gene Jiang et al. described its statistically significantly decreased expression in low-grade
astrocytomas (Jiang, et al. 2006). Subsequent analysis of a larger group of LGG comparing
OS of patients with mutation in IDH gene/methylation of MLH3 to patients with IDH
mutation without methylation of MLH3 revealed that patients with a combined finding IDH
mutation/MLH3 methylation have a statistically longer OS at the significance level p = 0.1 (p
= 0.089).

Many recurrent gliomas are characterized by a shared set of mutated genes and
chromosomal aberrations, most likely derived from one precursor cell (Lass, et al. 2012;
Suzuki, et al. 2015). For that reason, therapeutic approaches are focused on the molecular
markers defined in the primary lesion. However, despite the targeted treatment and radical
tumor resection, after a certain asymptomatic phase, tumor progression is always present in
the clear majority of patients. In our study, we have confirmed in two specific cases that each
of the gliomas is a unique entity that contains a wide spectrum of different chromosome
changes that are mainly acquired by one-step like mechanism during tumor evolution
(Lhotska, et al. 2016).

2. Analysis of unbalanced changes and complex karyotypesin bone marrow cells of
patients with myelodysplastic syndromes

Myelodysplastic syndromes (MDS) is a group of clonal bone marrow diseases that are
usually associated with hematopoietic cells morphological dysplasia, peripheral blood
cytopenias, ineffective hematopoiesis, and the risk of progression to acute myeloid leukemia
(AML) (Cazzola and Malcovati 2005; Vardiman 2003). The incidence of MDS o is estimated
to be four patients per 100,000 populations (Ades, et al., 2014). Most patients are diagnosed at
higher age (median age at primary diagnosis is 65 years, less than 10% of patients are
younger than 50 years).

Typical morphological features of MDS include defects in maturation of myeloid cell
lines or presence of ring sideroblasts. Myelodysplastic syndromes are divided into individual
subtypes based on myeloid cell dysplasia, peripheral blood and bone marrow blasts and
cytogenetic findings according to the revised WHO classification (Arber, et al., 2016). Clonal
chromosome aberrations are reported in ~ 50% of de novo MDS patients and up to 80% of
patients with secondary MDS. We observe submicroscopic genetic changes (point mutations,
microdeletions, microamplification, epigenetic changes, aUPD) in the other 20-50% of
patients with normal karyotype.
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Myelodysplastic syndromes are defined by a characteristic genetic profile
predominantly involving unbalanced changes. Generally, losses of genetic material in the
form of deletions or monosomies are observed. The gain of genetic material (partial or
complete trisomy) and balancing translocations are uncommon. The cytogenetic aberrations
with clinical significance in MDS that are therefore well studied include isolated deletion of
long arm of chromosome 5 [del(5g)], monosomy of chromosome 7 or deletion of its long arm
[del(7q)], and deletion of short arm of chromosome 17 [del(17p)] that is associated with
mutations in TP53 gene. Other significant findings are trisomy of chromosome 8, deletion of
long arm of chromosome 20 [del(20p)], deletion of long arms of chromosome 11 del(11q)],
etc. (Haase 2008; Sperling, et al., 2017). The prognosis of patients differs among aberrations,
but any additional gain of aberrations during the development of the disease or the occurrence
of a complex karyotype implies worse prognosis (Wang, et al., 2010).

From 2002 to 2016, we retrospectively and prospectively examined patients with MDS
using a combination of conventional cytogenetics, mFISH, mBAND, I-FISH and CGH / SNP
array. We used these data to write several publications.

We analyzed a group of 148 patients with complex karyotype and interstitial deletion
of the long arms of chromosome 5 to find out which chromosomes or chromosomes most
frequently enter complex rearrangements, location of exact breakpoints on translocated
chromosomes and identify unbalanced genomic changes that can play a significant role in
disease progression (Zemanova et al., 2014).

The recurrent breakpoints were observed in 5q14.3, 5934, 5933.3, 5q11.2 and 5913.2
in the study. Chromosome 5 fragments were translocated to other chromosomes, specifically
chromosomes 17, 3, 7 and 18 (sorted by frequency).

Besides the deletion of chromosome 5, deletions or monosomies of chromosomes 3, 7,
16, 17 and 18 were often observed, Amplification or trisomy / tetrasomy was detected in
lower frequency as was consistent with the literature and they mainly involved chromosomes
8, 21, 22, 11, 13, and 9. Complex karyotype in most cases (89.2%) consists of more than five
chromosome changes. In patients with more than five aberrations, we demonstrated
statistically worse overall survival (p = 0.004), which is probably related to the high genomic
instability of the studied cells.

Genomic analysis using the DNA array revealed changes consisting of clustered loses
or gains within short region of chromosome in 49% of patients with complex karyotype. The
breakdown of chromosomes into small pieces was probably due to chromotripsis. In our

group chromosomes 5, 7, 12 and 17 were most frequently affected. OS of patients with
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chromothripsis did not differ from other patients with complex karyotype (median OS for
both groups was 4 months, p = 0.024). Later, in larger study of patients (222 MDS and
complex karyotype patients), we connected presence of chromotripsis with higher rate of loss
or aUPD of chromosome 17 (p = 0.05) (Zemanova, et al. 2016). The 17p region is associated
with mutations in the TP53 gene whose loss of expression may result in such extensive and
catastrophic event as chromotripsis (Jasek, et al., 2010).

In the next work, we analyzed an isochromosome 20 with loss of interstitial region of
20q [ider(20qg)] (Brezinova, et al., 2014) in a patient with refractory anemia with ring
sideroblasts (MDS-RARS according to WHO classification 2008). Using FISH with locus
specific probes, we confirmed the deletion of the 20911/20q12. Subsequently, we specified
our finding as ider(20)(q10)del(20)(q11.1913.1) using mMBAND method. The CGH array
method confirmed two amplified regions on chromosome 20 - add(20)(p11g11.21) and add
(20)(g13.2913.33), and two deleted regions, the first del(20)(pterp11.2) and the second del
(20)(g11.21913.2). We confirmed breakpoints on chromomosome 20 including the proximal
gene ASXL1 (Additional Sex Comb Like 1) and the distal TSHZ2 (Teashirt Zing Finger
Homeobox 2) gene using six bacterial artificial chromosome (BAC) probes. This resulted in a
new fusion gene that we verified by sequencing at the mRNA level. We confirmed dicentric
chromosome 20 and we find out that breakpoints occurred within the fourth exon of ASXL1
gene and the third exon of the TSHZ2 gene. Unlike the deletion 20qg, which is a good
prognosis for the patient, the mutation of the ASXL1 gene, including exon 12, means
unfavorable outcome for patients (Baker, et al., 2008).

We focused on a detailed analysis of deletions of the ASXL1 gene (Brezinova, et al.,
2016). We described the partial deletion of the ASXL1 gene in 24% of patients and deletion of
the entire gene in 32% of patients in a group of 32 patients with a deletion of 20q as sole
aberration. The most recurrent, but not the exclusive, breakpoint was at fourth exon of the
ASXL1 gene (five patients) as CGH/SNP array method proved. The twelfth exon was deleted
in all patients. We observed a moderate adverse trend in patients with deletion, however,
given the low incidence of this aberration, and therefore a small number of patients, we have
not been able to confirm it for the time being. Our study suggests that not only the mutation of
the ASXL1 gene but also its partial or total deletion may have an adverse effect on the

prognosis of MDS patients.
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Conclusions

Conclusion — 1. Aim:

The most common findings were the 1p/19g codeletion in oligodendroglioma patients,
mutations in IDH genes (in accordance with the literature) and UPD on 17p in patients with
astrocytomas. Some of these changes are currently included in the revised WHO classification
of diffuse tumors. We observed a higher complexity of unbalanced changes in glioma cells in
patients with astrocytomas which could be related to their worse prognosis. Furthermore, we
described yet unknown methylation of the MLH3 gene promoter in low-grade diffusion
gliomas. Due to the lack of other MMR genes promoter methylation, methylation of the
MLH3 promoter may play a significant role in tumorigenesis of gliomas and may represent
another potential therapeutic target. We have also pointed out that each of the gliomas is a
unique entity that evolves over time, whether due to clonal evolution or treatment-induced
selections. For this reason, complex analysis of both the genome and the epigenome in the
diagnostic sample but also in the following samples of malignant brain gliomas is a very

beneficial approach to possible therapy modification.

Conclusion — 2. Aim:

We analyzed unbalanced chromosome changes in the genome of preleukemic cells in patients
with myelodysplastic syndromes using molecular cytogenetic and molecular genetics
methods. We found the most recurrent breakpoints on the deleted chromosome 5. We found
that chromosomes 17, 3, 7, and 18 were frequently involved in chromosome 5 translocations.
We observed the clustered unbalanced changes on restricted regions of chromosomes that are
described as chromotripsis, in 49% of patients with MDS and complex karyotype. At the
same time, we observed a high occurrence of aberrations on the short arm of chromosome 17,
including the tumor suppressor gene TP53. Using a combination of CGH/SNP array and |-
FISH methods, we have accurately identified the isochromosome 20-derived breakpoint in the
MDS-RARS patient, and we have described a new, yet unknown, ASXL1-THSZ?2 fusion gene.
Our results show that the combination of molecular cytogenetic methods allows not only
accurately describing chromosomal rearrangements, losses or gains of chromosomal material
but also allows the identification of the unique phenomena (e.g. chromotripsis) or new fusion

genes.
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