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ABSTRAKT

Interleukin-1a (IL-1a) je pleiotropni cytokin, ktery hraje kli€ovou roli v imunitni
odpovédi organismu. Je produkovan jako prekursor o molekulové hmotnosti 31 kDa,
ktery je Stépen cysteinovou protedzou calpainem za vzniku maturovaného IL-1a (17
kDa) a tzv. N-terminalniho peptidu IL-1a (IL-1aNTP; 16 kDa). Ac¢koliv IL-1a mlZze byt
sekretovan a spoustét drahu signalni transdukce skrze povrchové receptory cilovych
bunék, bylo zjisténo, Ze IL-1a se ucastni také nékterych procest v bunéném jadre.
IL-1aNTP je u vysSich eukaryot vysoce konzervovan a obsahuje jaderny lokaliza¢ni
signdl, diky kterému prekursor i samotny IL-1aNTP vstupuji do buné&ného jadra.
PFi pfedchozim vyzkumu byla popsana genetickd interakce IL-la s jadernymi
histonacetyltransferazovymi (HAT) komplexy v sav¢€ich burikach a prekvapivé také
v heterolognim kvasinkovém modelu.

Tato disertani prace se dale vénuje vyzkumu jaderné funkce IL-1a a pfinasi
dikazy o fyzické interakci IL-la s ,HAT/Core* modulem kvasinkovych
histonacetyltransferaz SAGA a ADA. Vysledky pokust zahrnujicich knock-out
jednotlivych  podjednotek  kvasinkovych ~ HAT  komplexd a  nasledné
koimunoprecipitace poukazuji na novy model skladani SAGA komplexu, ve kterém
ADA predstavuje pravdépodobné jen ¢astecné aktivni HAT komplex.

V savc€ich bunkach jakozto pfirozeném modelu pro studium IL-la pak byla
prokazana kolokalizace tohoto cytokinu s tumorsupresorovym proteinem p53. Tuto
interakci potvrzuje také nasledna koimunoprecipitace obou proteind. Také bylo
zjiSténo, Ze subcelularni lokalizaci IL-1aNTP Ize modulovat pomoci rozdilnych
kultivanich podminek.

Posledni ¢ast této prace popisuje analyzu exprese HOX genu
u imunofenotypové a genotypové definovanych podskupin pacientl s détskou akutni
lymfoblastickou leukemii (ALL). Exprese 23 vybranych HOX genu byla studovana u
61 pacientl a vysledky byly porovnany s urovni transkripce HOX gend v populacich
B a T lymfocytd ziskanych od zdravych darcu. Bylo zjisténo, Ze v leukemickych
burikach dochéazi k aberantni expresi HOX genu v porovnani se zdravymi burikami.



ABSTRACT

Interleukin-1a (IL-1a) is a pleiotropic cytokine and a key mediator of host
immune response. It is synthesised as a 31-kDa precursor, that is cleaved by the
cysteine protease calpain into the 17-kDa mature IL-1a and the 16-kDa N-terminal
peptide of IL-1a (IL-LaNTP). Although IL-1a can be secreted, act on target cells
through the surface receptor IL-1RI and trigger the signal transduction pathway,
increasing evidence points toward the involvement of IL-1a in certain nuclear
processes. IL-1aNTP is highly conserved among higher eukaryotes and contains a
nuclear localisation sequence; indeed, both the precursor and IL-1aNTP are found in
the cell nucleus. Previously, a genetic interaction of IL-la with nuclear histone
acetyltransferase (HAT) complexes has been reported from mammalian cells and,
interestingly, also from the heterologous yeast model.

This thesis extends the research of the nuclear function of IL-la and
demonstrates that IL-1a physically associates with the HAT/Core module of yeast
SAGA and ADA HAT complexes. Results of the HAT subunit gene knock-out
experiments followed by a set of co-immunoprecipitations also suggest a novel model
of the yeast SAGA complex assembly, in which ADA appears to represent only a
partly functional HAT complex.

In its natural milieu of mammalian cells, IL-1a is demonstrated to co-localise
with the tumour suppressor protein p53 within the cell nucleus. This interaction is
further supported with a co-immunoprecipitation experiment where the IL-1a
precursor binds p53. Moreover, it is shown that the subcellular localisation of IL-
1aNTP can be modulated under different culturing conditions.

Finally, this thesis presents an analysis of HOX gene expression in
immunophenotypically and genotypically defined subsets of paediatric patients with
acute lymphoblastic leukaemia (ALL). The expression of 23 selected HOX genes in
61 ALL patients is studied and the results are compared with the levels of HOX gene
transcription in sorted cell populations of B and T lymphocytes from healthy donors.
Aberrant HOX gene expression patterns have been identified in the leukaemic cells
compared to their closest physiological counterparts



1 Ceska éast
1.1 Uvod

1.1.1 Interleukin-1 a

Interleukin-1a (IL-1a) je prozanétlivy cytokin a jedna z kliCovych molekul
imunitniho systému, zajiStujici regulaci a koordinaci riznych sloZzek obrany
organismu v pripadé infekce, poranéni nebo stresu. Jeho pusobeni vSak zdaleka
neni omezeno jen na imunitni systém; interleukin-1 ma vliv rovnéz na normalni rust a
morfogenezi mnoha typd bunék i na celkovy metabolismus.

Protein se v organismu vyskytuje ve dvou variantach, nazvanych interleukin-1a a
B. Obé tyto formy jsou produkovany jako 31 kDa prekursory, které jsou Stépeny
specifickymi bunéénymi protedzami za vzniku maturovanych proteini o molekulové
hmotnosti 17 kDa. Jen prekursor interleukinu-1a je vSak plné biologicky funkéni a
schopny vazby na membranové receptory (Mosley et al. 1987), ackoliv po Stépeni je
IL-1a cca 50x aktivnéjSi (Zheng et al. 2013). Oba pfibuzné proteiny predstavuji
produkt dvou ruznych genu, které se u Clovéka nachazeji na chromozomu 2.
Nukleotidové sekvence vykazuji 45% podobnost a aminokyselinové sekvence se
shoduji pfiblizné z 26 %. Ukazuje se, ze obé formy interleukinu-1 se ve svych
fyziologickych funkcich dramaticky [iSi. Zatimco syntéza interleukinu-1B je
podminéna vnéjSim signalem v podobé prozéanétlivych faktord, interleukin-la je
produkovan mnoha bunécnymi typy konstitutivné. Interleukin-1f je aktivni vyhradné
v sekretované podobé, interleukin-1a se uplatiiuje predevSim intracelularné a jeho
sekrece je stale predmétem diskusi. Pouze u interleukinu-1a byla nalezena forma
asociovana s cytoplazmatickou membranou, kter& muaze hrat roli v protinadorové
imunité (Apte et al. 2006).

IL-1a je syntetizovan predevsim v monocytech, makrofazich, epitelidlnich a
endotelialnich bunkach nebo v keratinocytech. Transkripce je zvySena zvlasté béhem
zanétu a infekce, mezi faktory stimulujici produkci IL-1a patfi napfiklad bakterialni
lipopolysacharid. Produktem translace je prekursor proteolyticky Stépeny proteazou
calpainem za vzniku C-terminalniho maturovaného proteinu a tzv. N-terminalniho
peptidu interleukinu-1a (IL-1aNTP; 16 kDa) (Kobayashi et al. 1990). Tento peptid je u
vySSich organism( prekvapivé vysoce konzervovany, je tedy pravdépodobné, ze
nejde pouze o meziprodukt syntézy maturovaného IL-1a (Buryskova et al. 2004).

IL-1a jakoZto prozanétlivy cytokin pusobi na cilové burnky skrze membranové
receptory a spousti drahu signalni transdukce, vedouci k NF-kB a AP-1. Bylo vSak
také zjisténo, Ze IL-1aNTP obsahuje jaderny lokalizani signal, diky kterému
prekursor i IL-1aNTP vstupuji do bunééného jadra (Wessendorf et al. 1993). Diky své
extracelularnimu funkci spocivajici v aktivaci membranovych receptor a zaroven
pusobeni v bunééném jadre byva IL-1a nazyvan ,cytokin dudlni funkce" (Carriere et
al. 2007) a tvofi skupinu podobné fungujicich proteint spolu s HMGB-1, IL-16, IL-33
a IL-37 (Berman et al. 1985; Wang et al. 1999; Wilson et al. 2002; Agresti and
Bianchi 2003; Gadina and Jefferies 2007; Sharma et al. 2008; Boraschi et al. 2011;
Smith 2011).



Jadernému IL-1a jsou pfipisovany rozlicné biologické vlastnosti, jako napfiklad
regulace bunécné motility (McMahon et al. 1997) nebo interakce s rlstovym
supresorem necdinem (Hu et al. 2003). Samotny N-terminalni peptid IL-1a se pak
ucastni transformace mesangialnich bunék (Stevenson et al. 1997) nebo indukce
apoptdzy v nadorovych burnkach (Pollock et al. 2003). V nasi laboratofi jsme jiz dfive
prokazali, Ze IL-1aNTP interaguje s enzymatickymi komplexy histonacetyltransferaz
a to jak v savéich bunkach, tak i v heterolognim modelu Saccharomyces cerevisiae
(Buryskova et al. 2004).

1.1.2 Histonacetyltransferazy

DNA je vbunéfném jadfe sbalena v chromatinové vldkno a asociovana
s bazickymi proteiny histony a jinymi proteiny. Toto kompaktni uspofadani je vSak
spojeno s transkripéné neaktivnim stavem. Histonacetyltransferazy (HAT) jsou
enzymatické komplexy, které acetyluji N-konce histonu, rozvolfuji tak chromatinové
vlakno a c€ini jej pfistupnéjsi transkripnimu aparatu. Prvni histonacetyltransferaza
Gcen5 byla objevena u Tetrahymena (Brownell and Allis 1995; Brownell et al. 1996) a
nasledné pfibylo mnoho dalSich vykazujicich rdznou specificitu ohledné
acetylovanych substratd. U vySSich organismu jsou histonacetyltransferazy pfitomny
ve vicepodjednotkovych komplexech, pficemz jejich funkce ¢&asto zavisi na
konkrétnim podjednotkovém slozeni celého komplexu. Kromé histond mohou
histonacetyltransferazy rovnéz katalyzovat acetylaci nehistonovych proteind, jako
napfiklad tumorsupresorového proteinu p53 (Gu and Roeder 1997; Gu et al. 1997).

Modelovym histonacetyltransferazovym komplexem je kvasinkovy SAGA
komplex, slozeny z nejméné dvaceti podjednotek. Tento komplex vykazuje modularni
strukturu, pfiéemz modul ,HAT/Core" je zodpovédny za acetylaci, modul ,DUB" se
ucastni deubiquitinylace, dale jsou pfitomny moduly ,SA_SPT* a ,SA _TAF“ (Lee et
al. 2011). DalSi histonacetyltransferazou v Saccharomyces cerevisiae je napriklad
vyrazné mensi ADA komplex, u néhoZ neni zcela jasné, zda tvofi bona fide HAT
komplex, nebo jde jen o ¢astecné aktivni subkomplex (Eberharter et al. 1999; Grant
et al. 1999). U cClovéka je dobfe prozkouména napfiklad histonacetyltransferaza
p300, pusobici jako transkripéni koaktivator. Histonacetyltransferazy jsou obecné
velmi konzervovany v ramci eukaryot a jejich zdanliva ¢aste¢na redundance odrazi
komplexitu jejich funkci a velky transkripéné regulacni potencial.

1.1.3 Akutni lymfoblasticka leukemie

Akutni lymfoblastick& leukemie (ALL) je zhoubné onemocnéni charakterizované
zmnoZenim nezralych lymfoidnich bunék, lymfoblastl, které se nekontrolovatelné
déli a prostupuji prakticky vSechny tkané a organy. V disledku toho je potlacena
normalni krvetvorba, pacienti trpi anémii, Unavou, opakovanymi infekcemi €i ¢astym
krvacenim. Okamzita Ié€ba kombinaci chemoterapeutik je nutnosti.

ALL se nejCastéji vyskytuje u déti mezi 2. a 5. rokem a u dospélych po 50. roku
Zivota. Nastésti se dnes jiz podafi az 85% détskych pacientl vylécit (Stary 2010).



ALL pfedstavuje heterogenni onemocnéni a je klasifikovana podle nékolika kritérii
dle morfologie lymfoblastl (tzv. FAB schéma), imunofenotypu (B- a T-lymfoblastické
leukemie) nebo karyotypovych zmén, které byvaji Casto pfitomny. Mohou se
vyskytovat fuzni geny, jako napfiklad TEL-AML1, BCR-ABL1 nebo MLL/AF4. Je
znamo, Ze nékterych chromozomalnich prestaveb se uc€astni rovnéz HOX geny,
evolucné velmi konzervované transkripéni faktory, hrajici vyznamnou ulohu pfi uréeni
predo-zadni osy béhem vyvoje jedince.

1.2 Hypotézy a cile prace

Tato disertaCni prace je ¢lenéna do tfi Casti, z nichZ ¢ast prvni se zabyva studiem
IL-1a v sav€ich bunkach, ve druhé ¢asti je IL-1a studovan s vyuzitim heterologniho
modelu Saccharomyces cerevisiae a tfeti ¢ast pojednava o analyze exprese HOX
genld u vybranach genotypové a fenotypové definovanych podskupin détské akutni
lymfoblastické leukemie.

1.2.1 Cast | - studium jaderné funkce IL-1 a v sav éich bu fikach

V této ¢asti disertaCni prace jsem se zameéfila na studium jaderné funkce IL-1a s
vyuZzitim pfirozeného modelu savéich bunék. ProtoZe nase pilotni pokusy naznacily
moznou jadernou interakci prekursoru IL-1a a tumorsupresorového proteinu p53,
zamyslela jsem pomoci fluorescenéni mikroskopie a imunoprecipitace tuto interakci
potvrdit. Také jsem se pokusila o ovlivnéni subcelularni lokalizace N-terminalniho
peptidu IL-1a, ktery v sav¢€ich burikdch vykazuje nejednotnou lokalizaci s rozdilnou
distribuci mezi jadrem a cytoplasmou.

1.2.2 Cast Il - studium jaderné funkce IL-1 a v heterolognim kvasinkovém
modelu

Zde bylo mym z&mérem studovat jadernou funkci IL-la v heterolognim
kvasinkovém modelu a zaméfit se na interakci IL-1a s enzymatickymi komplexy
histonacetyltransferaz. Pfedchozi vyzkum prokazal, Ze lidsky IL-la produkovany
v kvasinkach tvofi soucast HAT komplexu SAGA, avSak nevykazuje genetickou
interakci s ADA HAT komplexem (Buryskova et al. 2004). S vyuzitim sady
kvasinkovych kmenl nesoucich disrupce genu kodujicich vybrané podjednotky
histonacetyltransferdzovych komplexd SAGA a ADA jsem zamySlela presnéji
specifikovat misto vazby IL-1a v ramci SAGA komplexu a objasnit mechanismus této
pozoruhodné interakce.

1.2.3 Cast Il - studium role  HOX genut u détské akutni lymfoblastické leukemie

V ramci projektu zabyvajiciho se tlohou HOX genu u détské akutni lymfoblastické
leukemie jsem se zameéfila na analyzu exprese vybranych HOX genu u jednotlivych
genotypové a fenotypové definovanych podskupin détské ALL pomoci kvantitavni
PCR v realném Case. Zajimalo mé, zda existuje souvislost urcitého vzorce exprese
HOX genl a prognézy pacientl s ALL. Porovnanim vysledk( této analyzy s arovni
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transkripce  HOX gend v bunéénych subpopulacich normalnich lymfoidnich
progenitor( jsem zamysSlela zjistit, zda exprese HOX genu
ve vybranych podskupinach ALL odrazi vyvojové stadium leukemickych bunék, nebo
zda ke zménam v expresi HOX genu dochazi béhem leukemogeneze.

1.3 Material a metodika

Pro studium jaderné funkce IL-1a jsem vyuZivala savCi bunky, konkrétné mysi
embryonalni fibroblasty NIH 3T3, netransformované bunky Mrc-5, buniky
osteosarkomu Saos-2, buriky lidského melanomu A375 a rovnéz bunky H1299-
R273H, produkujici mutovany protein p53 se sniZzenou schopnosti vazby na DNA.
Také jsem vSak vyuzZivala heterologni expresi IL-1a v burikdch Saccharomyces
cerevisiae kmene W303-1A a BY4741 za ucelem zjednoduSeni experimentalni prace
a moznosti pfipravy geneticky definovanych mutantnich kmenu.

V této praci jsem vyuzivala zejména tyto metody:

Produkce fluorescen ¢€nich variant IL-1 «a

- konstrukce rekombinantnich plasmidu s vyuZitim standardnich klonovacich technik
- transformace kvasinkovych kmenl pomoci LiAc nebo transientni transfekce savé&ich
bunék

- fluorescenéni mikroskopie kvasinkovych i sav€ich bunék

Koimunoprecipitace

- izolace proteinovych komplexu ze sav€ich i kvasinkovych bunéénych lyzatl za
pomoci specifické protilatky a protein G agardzy

- analyza navazanych proteini metodou western blotting

Disrupce vybranych gen v bunkach S. cerevisiae

- delece genUl za pouziti kanMX disrupéni kazety (Gueldener et al. 1996)
- selekce pozitivnich kmend pomoci antibiotika G418

- ovéfeni pomoci PCR a western blottingu

Kvantitativni PCR v realném €ase (QRT-PCR)

- optimalizace systému pro amplifikaci vybranych HOX genu

- analyza exprese vybranych HOX genu u genotypové a fenotypové definovanych
podskupin détskych pacientl s akutni lymfoblastickou leukemii

- porovnani exprese HOX genu v leukemickych burkach a u fyziologickych bunék
odpovidajiciho stadia diferenciace

Ostatni molekularn é-biologické metody

-izolace DNA, RNA a proteinu

-elektroforéza DNA, RNA a proteinu

-western blotting, chemiluminiscenéni detekce, barveni polyakrylamidovych gel
stfibrem

-PCR, restrik¢éni Stépeni, ligace a dalsi
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1.4 Vysledky a diskuse

1.4.1 Cast | - studium jaderné funkce IL-1 a v sav éich bu fikach

PFi zkoumani transientné produkovanych fluorescencénich variant prekursoru IL-
la a tumorsupresorového proteinu p53 v burikdch NIH 3T3 pomoci fluorescenéni
mikroskopie jsem pozorovala kolokalizaci IL-la a p53 vbunétném jadre. To
naznacuje, Ze oba proteiny mohou byt pfitomné v jednom molekularnim komplexu.
Pokusila jsem se tedy tuto interakci ovéfit pomoci koimunoprecipitace IL-la a
endogenniho proteinu p53. Experiment jsem provedla v burikach linie A375 a pro
dosazeni vysSi urovné exprese endogenniho p53 jsem vyuZila indukci a stabilizaci
p53 pomoci roscovitinu. Paralelné jsem pracovala s burikami linie H1299-R273H,
produkujici mutovany protein p53 s podstatné snizenou vazbou na chromatin (Cho et
al. 1994). Zatimco v burikach A375 jsem potvrdila koprecipitaci IL-1a a p53,
v burikdch H1299-R273H jsem tuto interakci nepozorovala. Vzhledem k tomu, Ze p53
i IL-1a jsou schopny asociace s chromatinem (Cohen et al. 2010), miZe byt
divodem tohoto vysledku pravé snizena schopnost vazby mutovaného p53 na
chromatin v téchto burikach. Jinym moznym proteinovym partnerem propojujicim IL-
la s p53 mlze byt napfiklad histonacetyltransferaza p300, které rovnéz muze
s obéma proteiny interagovat (Lill et al. 1997; Dornan et al. 2003; Buryskova et al.
2004). Moznost, Zze by dochazelo k pfimé fyzické asociaci obou proteind, neni podle
mého nazoru neni prilis pravdépodobna.

Béhem pozorovani N-terminélniho peptidu IL-1a oznateného EGFP v burikach
Mrc-5 jsem zaznamenala jeho nejednotnou subcelularni lokalizaci s rozdilnou
distribuci mezi jadrem a cytoplasmou. Bylo patrné, ze u vzorkd s vysSi koncentraci
bunék dochazi castéji kjaderné lokalizaci IL-1aNTP, zatimco u vzorkd s nizsi
densitou bunééné kultury je tento protein s vySSi frekvenci lokalizovan soucasné
v jadfe a cytoplasmé. Pokusila jsem se tedy o ovlivnéni subcelularni lokalizace IL-
1aNTP pomoci rozdilné konfluence bunék (cca 50% a cca 100%) a pozorovala jsem,
Ze vyhradné jaderna lokalizace IL-1aNTP souvisi s vy$Si buné€nou densitou. Tento
vysledek se ponékud liSi od vysledku Luheshi et al., popisujicich inhibici jaderné
lokalizace prekursoru IL-1a v mikroglialnich burikach za vyssi konfluence (Luheshi et
al. 2009). Déale jsem pozorovala, Ze efektu ¢etnéjsi vyhradné jaderné lokalizace IL-
1aNTP muazZe byt dosazeno kultivaci bunék Mrc-5 v kondicionovaném médiu &i
v médiu s pfidavkem 15 ng/ml rekombinantniho IL-1a. U bunék Mrc-5 bylo jiz dfive
prokdzano, Ze extracelularni IL-1a spousti syntézu interleukinu-6 (Economides et al.
2003); maiji tedy na svém povrchu receptor pro IL-1 a tudiZz je mozné, Ze IL-1a
v médiu spousti drahu signélni transdukce, vedouci k transkripci cilovych genua.
Hledanim konkrétnich zmén v expresi genl jsem se v3ak jiz v ramci tohoto projektu
nezabyvala.
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1.4.2 Cast II- studium jaderné funkce IL-1  a v heterolognim kvasinkovém
modelu

Jiz dfive jsme v naSi laboratofi prokazali, Zze IL-1a lze studovat v heterolognim
kvasinovém modelu a potvrdili jsme, Ze IL-1aNTP je schopen interakce
s kvasinkovym HAT komplexem SAGA (Buryskova et al. 2004). Nebylo vSak jasné,
pro¢ k této interakci dochazi a kam konkrétné se vramci SAGA komplexu IL-1a
vaze. PFi nadprodukci prekursoru IL-1a v kvasinkach jsem pozorovala mozny toxicky
efekt, projevujici se eliminaci rekombinantnich plasmidd nesoucich funkéni gen pro
prekursor IL-la. Dle mého n&zoru muze byt divodem interference IL-1a
s transkripénim systémem a deregulace exprese nékterych gend. Nasledné jsem
ovéfila subcelularni lokalizaci prekursoru IL-la i maturovaného proteinu
v kvasinkovych bunkach a zjistila, Ze zatimco prekursor IL-1a se nachazi v jadfe
kvasinkovych bunék, maturovany IL-la vykazuje cytoplasmatickou lokalizaci.
Subcelularni lokalizace je tedy analogickd jako v sav€ich burikdch a odpovida
pritomnosti jaderného lokalizaéniho signélu v prekursoru IL-1a. Mechanismy
jaderného transportu jsou v ramci eukaryot obecné velmi konzervované (Malik et al.
1997; Quan et al. 2008), coZz mi umoznilo studovat jadernou funkci prozanétlivého
cytokinu IL-1a v tomto kvasinkovém modelu.

Pomoci koimunoprecipitace z kvasinkovych kmenl s vybranymi podjednotkami
SAGA a ADA komplexu TAP tagem jsem potvrdila, Ze prekursor IL-1a se na rozdil od
maturovaného IL-la vaZze na kvasinkové HAT komplexy a mezi proteiny zde
pfitomné patfi Gen5, Spt7, Spt8, Adal, Ada2, Ada3 a prekvapivé také Ahcl. Tato
podjednotka je charakteristicka pro HAT komplex ADA, o kterém jsme se domnivali,
Ze s IL-1a neinteraguje (Buryskova et al. 2004). Pro dukladnéjSi objasnéni asociace
IL-1a s kvasinkovymi HAT komplexy jsem vyuZzila relativni snadnosti pfipravy
dele¢nich mutantnich kvasinkovych kmenl a provedla cilené disrupce genu
kodujicich jednotlivé podjednotky SAGA. Takto jsem v jednotlivych kvasinkovych
kmenech provedla deleci gent kodujicich Genb, katalytickou podjednotku SAGA,
Spt7 jakozto podjednotku zajistujici integritu SAGA komplexu, Ahcl, protein klicovy
pro integritu ADA HAT a rovnéz jsem vyuzila kmeny s deleci Ahc2, nové objevené
podjednotky ADA komplexu. Vysledky koimunoprecipitaci IL-1a s proteiny HAT
komplexda kvasinek naznaluji, Ze IL-la se vaze k ,HAT/Core" modulu SAGA
komplexu. Také jsme navrhli novy model skladani SAGA komplexu, ve kterém
protein Ahcl usnadriuje vazbu Spt7 k ¢astecné aktivnimu ADA komplexu za vzniku
piné fukéniho SAGA komplexu. Nakonec jsme prokazali, Ze interakce IL-1la
s kvasinkovymi HAT komplexy pravdépodobné probihd na zakladé podobnosti
struktury IL-1aNTP s C-terminalni ¢asti katalytické podjednotky AMP-aktivované
proteinkinazy Snfl, ktera byla nalezena v oblasti stejného promotoru jako SAGA (Liu
et al. 2005; Liu et al. 2010). Tyto vysledky byly v lofiském roce publikovany
(Zamostna et al. 2012).

12



1.4.3 Cast Il - studium role  HOX genut u détské akutni lymfoblastické leukemie

V souvislosti s jiz dfive prokazanou roli exprese HOX genl u rdznych typl
leukemii (Bach et al. 2010) byla v roce 2002 publikovana studie, popisujici korelaci
ur€itého vzorce exprese HOX genu s progn6zou pacientt s akutni myeloidni leukemii
(Drabkin et al. 2002). Diky spolupraci s prof. Drabkinem jsme pfevzali vybrané
systémy pro analyzu exprese HOX gend metodou gRT-PCR a provedli analogickou
analyzu u pediatrickych pacientd s ALL. Po nezbytné optimalizaci jsem provedla
kvantifikaci transkripce 23 HOX genu u 61 pacientli rozdélenych do imunofenotypové
a genotypové definovanych podskupin (BCR/ABL, hyperdiploidni ALL, TEL/AML1,
MLL/AF4, T-ALL a skupiny PGR a PPR rozdélené dle odpovidavosti na indukéni
|éCbu prednisonem) a také v 19 vzorcich sortovanych bunéénych populaci B a T
bunék od zdravych darcd v rizném stadiu zralosti. Vysledky ukazaly, Ze zejména
skupiny T-ALL a MLL/AF4 vykazuji napadné vysoké hladiny exprese HOX genl
zejména z clusteru A. Naopak u BCR/ABL-pozitivhich pacientd je transkripce HOX
genl velice nizka. Nepodafilo se ovSem souvislost urCitého vzorce exprese HOX
gend s prognézou. Porovnanim exprese HOX genu u leukemickych bunék s jejich
zdravymi protéjSky lze konstatovat, Ze Urover transkripce HOX gend neodpovida
stadiu zralosti leukemickych bunék, ale zZe k aberantni expresi HOX genl dochazi
pravdépodobné v dusledku maligni transformace. Rovnéz tyto vysledky byly nedavno
publikovany (Starkova et al. 2010).

1.5 Zavéry

- subcelularni lokalizace prekursoru IL-la a maturovaného IL-l1a je analogicka
v savcich i kvasinkovych bunkach a odpovida pfitomnosti nebo absenci jaderného
lokaliza¢niho signalu u obou forem IL-1a

- subcelularni lokalizace IL-1aNTP v sav€ich burikdch mZze byt ovlivnéna konfluenci
bunéc&né kultury, kondicionovanym médiem nebo pfitomnosti rekombinantniho IL-1a
v kultivaénim médiu

- v kvasinovych bunkach funk&ni gen pro prekursor IL-1a negativné ovliviiuje stabilitu
rekombinantnich plasmidd nesoucich tento gen a produkce IL-la v kvasinkovych
burikach ma toxicky efekt

- prekursor IL-1a se vaze na kvasinkové HAT komplexy; mezi podjednotky tohoto
komplexu patfi Gen5, Spt7, Spt8, Adal, Ada2, Ada3 a prekvapivé také Ahcl.
Maturovany IL-1a nevaze zadny z téchto proteinu

- vazba prekursoru IL-1a na kvasinkové HAT komplexy je lokalizovana do oblasti
¢asti ,HAT/Core" modulu tvofeného proteiny Ada2, Ada3, Sgf29 a mozna téz dalSimi
proteiny. Interakce IL-1la s kvasinkovymi HAT komplexy pravdépodobné probiha na
zakladé podobnosti struktury IL-1aNTP s C-termindlni ¢asti katalytické podjednotky
AMP-aktivované proteinkinazy Snfl
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- byl navrzen novy model skladani SAGA komplexu , ve kterém ADA pfedstavuje
intermediatni subkomplex a Ahcl usnadriuje vazbu Spt7 k tomuto subkomplexu

- prekursor IL-1a a tumorsupresorovy protein p53 vykazuji podobnou distribuci
v bunécném jadre, mohou tvofit ¢ast stejného jaderného molekularniho komplexu a
tato interakce byla potvrzena metodou koimunoprecipitace

- aberantni exprese HOX genu v leukemickych burikach pediatrickych pacientd s ALL
rozdélenych do genotypové a imunofenotypové definovanych podskupin (BCR/ABL,
hyperdiploidni ALL, TEL/AML1, MLL/AF4 a T-ALL) v porovnani s expresi HOX genu
u jejich zdravych bunéénych protéjSka pravdépodobné odrazi zmény exprese HOX
genu v disledku maligni transformace

2 Anglicka €ast
2.1 Introduction

2.1.1 Interleukin-1 a

Interleukin-1a (IL-10a) is a proinflammatory cytokine and one of the key molecules
of the immune system, orchestrating the host defence reactions to infection,
inflammation, injury or stress. However, its activities are not restricted only to the
immune system, IL-1la is also involved in the regulation of normal growth and
morphogenesis of various cell types.

Within the organism, IL-1a is present in two forms, interleukin-1a and B. Both are
synthesized as 31-kDa precursors, cleaved by specific proteases to 17-kDa mature
proteins. Only the IL-1a precursor is biologically active and able to bind membrane
receptors (Mosley et al. 1987), although the cleaved form is [60x more active (Zheng
et al. 2013). The nucleotide sequences of IL-1a and 3 share a similarity of 45%, the
similarity between the amino acid sequences is roughly 26 %. However, both IL-1
forms differ dramatically in their physiological functions. IL-1 is not produced unless
the cell receives an inflammatory signal while IL-1a is synthesized constitutively in
many cell types. IL-13 acts exclusively as a secreted molecule, IL-la acts
intracellularly and its secretion has been a matter of discussion. Only IL-1a exists in
its membrane form, associated with anti-tumour immunity (Apte et al. 2006).

The major IL-1la-producing cells are macrophages, but many other cells, including
neutrophils, keratinocytes, epithelial or endothelial cells, have been shown to
synthesise IL-1la. Transcription of IL-la is stimulated during inflammation and
infection and bacterial endotoxin is one of the IL-1la-inducing agents. The precursor
of IL-1a is proteolytically cleaved by calpain into C-terminal mature IL-1a and the so-
called N-terminal peptide of IL-1a (IL-LaNTP; 16 kDa) (Kobayashi et al. 1990). This
peptide is highly conserved among higher organisms so it most probably doesn’t
represent only a byproduct of IL-1a maturation (Buryskova et al. 2004).
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Being a proinflammatory cytokine, IL-la acts on target cells via membrane
receptors and triggers the signal transduction pathway leading to NF-kB and AP-1.
However, IL-1aNTP contains a nuclear localization signal that allows the precursor
as well as IL-1aNTP to enter the cell nucleus (Wessendorf et al. 1993). Due to this
duality of functions, IL-1a has been termed a ,dual-function cytokine* (Carriere et al.
2007) and shares this property with HMGB-1, IL-16, IL-33 and IL-37 (Berman et al.
1985; Wang et al. 1999; Wilson et al. 2002; Agresti and Bianchi 2003; Gadina and
Jefferies 2007; Sharma et al. 2008; Boraschi et al. 2011; Smith 2011).

Various biological functions have been attributed to the nuclearly localized IL-1a,
including the regulation of cell motility (McMahon et al. 1997) or interaction with the
growth supressor necdin (Hu et al. 2003). The N-terminal peptide of IL-1a contributes
to the mesangial cell transformation (Stevenson et al. 1997) or to induction of
apoptosis in tumour cells (Pollock et al. 2003). In our laboratory, we have previously
shown that IL-1aNTP intercts with histone acetyltransferase complexes both in
mammalian cells and in the heterologous yeast model (Buryskova et al. 2004).

2.1.2 Histone acetyltransferases

In the nucleus of the eukaryotic cell, DNA is highly compacted and organised
into the chromatin fiber, being associated with both histone and non-histone proteins.
In this compact, tightly coiled form, DNA is inaccessible to the transcription
machinery.Histone acetyltransferases (HAT) are enzymatic complexes, catalyzing
the acetylation of the amino-terminal histone tails and making thus the chromatin
fiber accessible to the transcription apparatus. Gen5 was the first histone
acetyltransferase isolated from Tetrahymena (Brownell and Allis 1995; Brownell et al.
1996) and until today, many HATs of distinct specificities have been identified.
Histone acetyltransferases often form multimeric complexes in higher organisms and
the activity of the catalytic subunit depends considerably on the context of the other
subunits in the complex. Certain histone acetyltransferase complexes acetylate not
only histones, but also other, non-histone substrates, such as the tumor suppressor
protein p53 (Gu and Roeder 1997; Gu et al. 1997).

Yeast SAGA represents an archetype of the histone acetyltransferase
complexes and is composed from at least 20 subunits. This complex exhibits a
modular structure, with the ,HAT/Core” module is responsible for acetylation, the
,DUB* module is involved in deubiquitination and the ,SA_SPT“ and ,SA_TAF*
modules are also present (Lee et al. 2011). Another HAT complex in Saccharomyces
cerevisiae is the ADA complex, regarded both as a bona fide HAT complex and only
a partially active subcomplex (Eberharter et al. 1999; Grant et al. 1999). Human p300
HAT has been studied extensively, that acts as a transcriptional coactivator. Histone
acetyltransferases are generally highly conserved among eukaryotes and seem to
have redundant and overlapping functions, but this probably only reflects the
complexity and combinatorial potential of the involvement of these enzymatic
complexes in mammalian transcription control.
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2.1.3 Acute lymphoblastic leukaemia

Acute lymphoblastic leukaemia (ALL) is a malignant neoplasm characterised by
excess of immature lymphoid cells, lymphoblasts, that proliferate uncontrollably and
can infiltrate virtually any organ and tissue in the body. Consequently, normal
haematopoiesis is suppressed and patients experience anaemia, fatigue, frequent
and repeated infections, increased or unexpected bleeding. Generally, a multi-drug
treatment regimen is required immediately.

Most commonly, ALL affects children aged 2-5 years and another peak of
incidence is observed after 50 years of age. Fortunately, the rate of success in the
treatment of paediatric ALL has reached 85 % (Stary 2010).

ALL is a heterogeneous disease and can be classified into subtypes according
to the cell morphology (FAB classification), immunophenotype (B- and T-cell
leukaemias) or to the cytogenetic alterations. Fusion genes such as TEL-AML1,
BCR-ABL1 or MLL/AF4 are commonly found in ALL. Certain chromosomal
translocations also involve HOX genes, evolutionary highly conserved transcription
factors, essential for the correct morphogenesis of the anterioposterior axis in the
developing embryo.

2.2 Aims of the work

This PhD thesis is subdivided into three parts; in the first part, IL-1a was studied
in its natural milieu of mammalian cells, in the second part, | was using the
heterologous expression of IL-1a i the yeast model and the third part describes the
analysis of HOX gene expression in genotypically and immunophenotypically defined
subroups of paediatric acute lymphoblastic leukaemia.

2.2.1 Partl- study of the IL-1 «a nuclear function in mammalian cells

In this part of my thesis, | focused on the study of the nuclear interaction of IL-1a
with the tumour suppressor p53, that was shown by our pilot experiments. | intended
to confirm this interaction by fluorescence microscopy and co-immunoprecipitation
techniques. | also investigated the modulation of the subcellular localization of IL-
1aNTP in mammalian cells since IL-1oaNTP appeared to be distributed unevenly
among the nucleus and cytoplasm in mammalian cells.

2.2.2 Partll - study of the IL-1 «a nuclear function in the heterologous yeast
model

Here | intended to study the IL-1a nuclear function in Saccharomyces cerevisiae
and to focus on the interaction of IL-la with yeast histone acetyltransferase
complexes. Our previous research showed that human IL-1a produced in the yeast
cells integrates to the SAGA HAT complex, but does not interact with the ADA
complex (Buryskova et al. 2004). Using a set of yeast strains harbouring various
TAP-tagged SAGA and ADA subunits, | intended to specify the site of IL-1a binding
and elucidate the mechanism of this interaction.
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2.2.3 Part Il - study of the role of HOX genes in  paediatric acute lymphoblastic
leukaemia

In this part of my thesis | focused on the analysis of HOX gene expression in
genotypically and immunophenotypically defined subgroups of paediatric ALL by
gRT-PCR. | was interested in finding whether a specific HOX gene expression
pattern can be associated with the specific subgroup or can be predictive of
prognosis of the patients. | also intended to determine the expression of selected
HOX genes in sorted cell populations of B and T lymphocytes from healthy donors
and to compare the results with the data obtained from leukaemic patients.

2.3 Overview of used methods

To study the nuclear function of IL-1qa, | was using various mammalian cell lines,
i.e.murine embryonal fibroblasts NIH 3T3, non-transformed cells Mrc-5, human
osteosarcoma cells Saos-2, human melanoma cells A375 as well as the H1299-
R273H cell line, harbourong mutated p53 with decreased DNA binding. | was also
using heterologous IL-1a expression in Saccharomyces cerevisiae strains W303-1A
and BY4741.

| was using mainly these methods during my experimental work:

Production of fluorescent IL-1 «a variants

- construction of recombinant plasmids using standard cloning techniques

- yeast transformation using the LiAc method or transient transfection of mammalian
cells

- fluorescent microscopy of yeast and mammalian cells

Co-immunoprecipitation

- isolation of protein complexes from yeast and mammalian cell lysates using a
specific antibody and protein G agarose

- analysis of bound proteins by western blotting

Disruption of selected genes in  S. cerevisiae cells

- gene deletion using the kanMX disruption cassette (Gueldener et al. 1996)
- selection of positive strains using the antibiotic G418

- control by PCR and western blotting

Quantitative real-time PCR (QRT-PCR)

- optimizing of the systems for the expression analysis of selected HOX genes

- expression analysis of selected HOX genes in genotypically and
immunophenotypically defined subgroups of paediatric ALL patients

- comparison of HOX gene expression in leukaemic cells with their physiological
counterparts of the same maturation stage

Other molecular biology methods
- DNA, RNA and protein isolation

17



- DNA, RNA and protein electrophoresis

- western blotting, chemiluminescence detection, silver staining of polyacrylamide
gels

-PCR, restriction cleavage, ligation and others

2.4 Results and Discussion

2.4.1 Partl- study of the IL-1 «a nuclear function in mammalian cells

During the fluorescence microscopy experiments involving the fluorescent IL-1a
precursor and tumor suppressor protein p53 variants, | observed the co-localization
of these molecules in the cell nucleus. This suggests that both proteins can be
present within the same molecular complex. Therefore | intended to confirm this
interaction by co-immunoprecipitation of IL-1la and endogenous p53, induced by
roscovitine in the A375 melanoma cells. | was also using the H1299-R273H cells that
harbour mutated p53 with decreased sequence-specific binding to target DNA. While
co-immunoprecipitation from A375 cells revealed the interaction of p53 and IL-1q, |
did not observe this effect in the H1299-R273H cells. Given that both p53 and IL-1a
can associate with the chromatin fiber (Cohen et al. 2010), the unsuccessful co-
precipitation of these molecules from these cells could be the consequence of the
p53 mutation, preventing it from binding to chromatin. Another possibility could
represent the histonacetyltransferase p300 that can interact with both proteins as well
(Lill et al. 1997; Dornan et al. 2003; Buryskova et al. 2004) and could tether them to
one protein complex. In my opinion, the direct association of these molecules is very
unlikely.

When observed under the fluorescence microscope, the IL-1aNTP/EGFP fusion
protein exhibited uneven distribution among the nucleus and cytoplasm in Mrc-5
cells. Obviously, in samples with higher cell densities, the exclusively nuclear IL-
1aNTP localization was more frequent when compared to cells of lower confluency.
Therefore | intended to modulate the IL-1aNTP subcellular localization by a different
cell confluency ((b0% and [100%) and confirmed that the exclusively nuclear
localization of IL-1oaNTP is associated with higher cell densities. Interestingly,
Luheshi et al. previously described the inhibition of the IL-la precursor nuclear
localization in microglial cells cultivated at higher densities (Luheshi et al. 2009).
| also observed that the frequency of the exclusively nuclear localization of IL-1aNTP
increases with the use of conditioned medium or by treatment of the Mrc-5 cells with
recombinant IL-1a (5 ng/ml). Mrc-5 cells have been previously shown to synthesize
IL-6 following IL-1 treatment (Economides et al. 2003); therefore they express the IL-
1 receptor and possibly use the signal transduction pathway triggered by this
receptor. However, | did not focus on studying the changes in the gene expression
changes during this project.
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2.4.2 Partll - study of the IL-1 «a nuclear function in the heterologous yeast
model

In our laboratory, we have previously proved that yeast can serve as a model for
the study of the IL-1a function and have shown that IL-1aNTP interacts with the yeast
SAGA HAT complex (Buryskova et al. 2004). However, the mechanism and the site
of this interaction was not known. | observed a toxic effect of the IL-1la
overexpression in the yeast cells, manifested by the elimination of recombinant
plasmids bearing a functional gene encoding IL-1a. In my opinion, this could be a
result of the interference of IL-1a with the yeast transcriptional machinery and
dysregulation of certain genes. Having studied the subcellular localization of the IL-
la precursor and mature IL-1q, | found that the precursor was localized in the cell
nucleus while mature IL-1a remained in the cytoplasm. The subcellular localization is
therefore analogous to the mammalian cells and corresponds to the presence or
absence of the nuclear localization sequence within the IL-1a precursor N-terminal
domain. The mechanisms of the nuclear transport are generally highly conserved
among eukaryotes (Malik et al. 1997; Quan et al. 2008) and this enabled me to study
the nuclear function of the IL-la precursor in the heterologous yeast model.

Using co-immumoprecipitation from the yeast cells with TAP-tagged SAGA and
ADA subunits, | verified the association of the IL-1la precursor with yeast HAT
complexes. Contrarily, mature IL-1la did not co-precipitate with any of the HAT
subunits. The protein complex(es) binding the IL-la precursor in yeast comprise
Gcenb, Spt7, Spt8, Adal, Ada2, Ada3 and surprisingly also Ahcl that was not
supposed to interact with IL-1a (Buryskova et al. 2004). To further elucidate the
mechanism of the association of IL-la with the yeast HAT complexes, | took
advantage of the relative ease of creation of deletional mutants in yeast and
performed disruptions of genes encoding Gcnb, the catalytic subunit of SAGA, Spt7
as a subunit required for the SAGA complex integrity, Ahcl, important for ADA HAT
integrity and | also used strains with the deletion of Ahc2, a recently discovered ADA
subunit. Results of my co-immumoprecipitation experiments from yeast suggest that
IL-1a binds to the ,HAT/Core" module of the SAGA complex. We also suggested a
novel model of the SAGA complex assembly in which ADA represents an
intermediate subcomplex and Ahcl facilitates the binding of Spt7 to this partly
functional HAT complex. Furthermore, we proved that the interaction of IL-1a with
yeast HAT complexes is most probably a consequence of the structural similarity of
IL-1aNTP with the C-terminal part of the Snfl catalytic domain, that has been found
to be associated with the same promotor region as SAGA (Liu et al. 2005; Liu et al.
2010) These results were published last year (Zamostna et al. 2012).

2.4.3 Part Il - study of the role of HOX genes in  paediatric acute lymphoblastic
leukaemia

The role of many HOX genes in various types of leukaemia has been postulated
(Bach et al. 2010) and in 2002, a study correlating the specific HOX gene expression
patterns with prognosis of patients with acute myeloid leukaemia has been published
(Drabkin et al. 2002). | cooperation with Prof. Drabkin we used the same HOX gene
primer systems to analyze the HOX gene expression patterns in patients with ALL by
gRT-PCR. Having optimized the gRT-PCR conditions, | analyzed the transcription of
23 HOX genes in 61 paediatric ALL patients classified according to the genotype and
immunophenotype (BCR/ABL, hyperdiploid ALL, TEL/AML1, MLL/AF4, T-ALL and
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PGR vs. PPR according to the prednisone response) as well as in 19 sorted cell
populations of B and T cells of various maturation stages. The results indicated that
especially the T-ALL and MLL/AF4 patients showed high expression levels especially
of the HOXA cluster genes. Conversely, HOX gene expression in the BCR/ABL-
positive patients was very low. We did not prove the correlation of a specific HOX
gene expression pattern with prognosis in ALL patients. Aberrant HOX gene
expression patterns identified in the leukaemic cells of paediatric ALL patients
compared to the HOX expression in their closest physiological counterparts suggest
the establishment of a novel HOX expression pattern susbequent to malignant
transformation. These results were published (Starkova et al. 2010).

2.5 Conclusions

-the subcellular distribution of the IL-1a proteins has been studied both in yeast and
mammalian cells and is analogous in both eukaryotic cell models

- the subcellular localisation of IL-LaNTP/EGFP in human cells can be modulated by
the cell culture density, use of the conditioned medium or addition of recombinant IL-
la into the growth medium

- when introduced to the yeast cells, human IL-1a precursor gene affects the stability
of the recombinant plasmid bearing this gene; IL-1a overexpression possibly has a
toxic effect on yeast cells

- the IL-1la precursor physically associates with yeast histone acetyltransferase
complexes; the protein complex(es) binding the IL-1a precursor in yeast comprise
Gcenb, Spt7, Spt8, Adal, Ada2, Ada3 and surprisingly also Ahcl protein while none of
these HAT subunits binds mature IL-1a

- part of the HAT/Core module, composed of Ada2, Ada3, Sgf29 and perhaps some
other proteins, is the site of the IL-1a precursor binding to the yeast SAGA complex.
The binding of the IL-1a precursor to yeast HAT complexes can be explained by the
structural similarity of IL-1aNTP with the C-terminal regulatory domain of yeast Snfl

- a novel model of the SAGA complex assembly has been suggested in which ADA
represents an intermediate subcomplex and Ahcl facilitates the binding of Spt7 to
this partly functional HAT complex

- the IL-1a precursor and tumour suppressor p53 show similar distribution patterns,
possibly co-localise within the same molecular complex in the nucleus and can be
coimmunoprecipitated from mammalian cells

- aberrant HOX gene expression patterns identified in the leukaemic cells of
paediatric patients subdivided into genotypically and immnophenotypically defined
subgroups, i.e. ALL with BCR/ABL, TEL/AML1 and MLL/AF4 gene rearrangements,
hyperdiploid ALL and ALL without a known gene rearrangement, compared to the
HOX expression in their closest physiological counterparts suggest the establishment
of a novel HOX expression pattern susbequent to malignant transformation
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