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ABSTRACT

Charles University in Prague
Faculty of Pharmacy in Hradec Kralové

Department of Pharmacology and Toxicology

Candidate: Markéta Syslova

Supervisors: Prof. Keiko Funa, Erik Johansson, RiDDc.
PharmDr. Petr Pavek, Ph.D.

Title of diploma thesis: Regulation of TLX expremsiby p53 family

members

The p53 mutation is associated with poor therapeusponse and prognosis, being
observed in almost 60% of human cancers. p53 it &eljpw steady-state levels in the
absence of cellular stress. In response to vastiess, p53 becomes activated. It binds
DNA in a sequence specific manner to activate thestription of a number of genes
mostly belonging to cell cycle inhibitors and apmg$ inducers. When p53 is mutated it
cannot fulfil its function and regulate target gen@73, analogue of p53, has two
different isoforms with two different functions. Imeuroblastoma, TAp73, as well as
p53, is infrequently mutated but overexpressionDdfp73 is connected with poor

prognosis.

TLX (also called NR2E1) is an orphan nuclear resepa member of a highly
conserved family in both vertebrates and invertelsta TLX is an essential

transcriptional regulator of maintenance and satiewal of neural stem cells.

In this study | investigated if there is a func@btink between p53 family members and
TLX. In this thesis is showed that p53 binds theXTiromoter and regulates its activity
in both cell lines we tested. These results sugtest TLX interacts with the p53

signalling pathway and is able to regulate thevagtof postnatal neural stem cells.



ABSTRAKT

Karlova Universita v Praze
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Kandidat: Markéta Syslova

Vedouci diplomové préace: Prof. Keiko Funa, Erikasgon, Ph.D., Doc.
PharmDr. Petr Pavek, Ph.D.

Téma diplomové prace: Regulace exprese TLX proteidiny p53

Mutace proteinu p53 souvisi se Spatnou terapeuwtickdpowdi a prognézou. Tato
mutace se vyskytuje téhv 60 % lidskych naddr V negitomnosti bus¢ného stresu
je hladina p53 udrZzovana na ustalené nizké heédndobdpowdi na burény stres se
p53 stava aktivnim a vaze se ke specifickym sekwemNA. Tim aktivuje transkripci
fady gend, ¢asto patich k inhibitofim buré¢ného cyklu a induktdém apoptézy. Pokud
je vSak p53 mutovany, nerbe plnit svou fuknci a regulovat tak cilové geny3p
analog p53, ma avodlisné izoformy s odliSnymi funkcemi. Zatimco TAR stejr

jako p53, se u paciaeihts neuroblastomem nachazi v mutované pddadmi zidka,

mutace DNp73 je spojena se Spatnou prognézou.

TLX (take nazyvany NR2E1) je sikdtjaderny receptor. Jden vysoce konzervované
rodiny protein pitomnych u obratlovic a bezobratlych. TLX je nezbytny transkiip

regulator zachovani a sebeobnovy nervovych kmerolyok.

Tato studie zkoumala, zda je fumk spojeni meztleny rodiny protein p53 a TLX.
Prokézali jsme, Ze p53 se vaZze na TLX promotorosblast a reguluje jeho aktivitu
v obou testovanych bgdnych liniich. NaSe vysledky nazhgi, Zze TLX ovliviiuje

signalni drahy proteinu p53 a je schopen regulaaitvitu postnatalnich nervovych

kmenovych bugk.



CONTENT

1. ABBREVIATIONS ...ttt ettt e e e e et e e e e e smnnee e e e anes 1
2. INTRODUCTION ..cceiiiiiiiitie e e e ettt e eitttee e e e e s anabteeaae e e annseseeesnnssseeeeas 2
2.1, NeuroblastOMaL.........coooiiiiiiiiii e 2
2.2, T LX it a e e a e e e e annrnae e 2
P2 T ) Q=1 1 U [ 1 | PP 5
2.4. p53 family MemMDErS.......cciiiii e 6
2. 4. L SHIUCTUIE ...t e ettt e e e e e e et e e e e e e e semm e e e eeenes 6
p S Y £ TP 11
2. 4. BAANDT 3 e 12
O N 010 | o 1131 T 1Y 11 = o | 12
2.5. p53 binding sites 0N TLX PromMOter.........cooooeiiiiiiiiiiiiiiiiiiiee e 13
P T o 13 I W 0F= T (o = PP 13
2.7. Neural Stem CellS........cooiiii e 14
S.THE AIM OF STUDY ...oiiiiiiie ettt e e e s ee s e 15
4. MATERIALS AND METHODS..... oottt 16.
4.1, Cell CURUIE ... 16
4.2. Promoter Reporter Assay - LUuCiferase ASSay.......ccceeevveeeeeeevieeeeevnvnnnnnnns 16
4.3. Western blot analysSis...........uuuueiiiiiiiii e 17
A4, CRIP ASSAY. it ii ittt e ettt a e e e e 18
4.5. RNA isolation, RT-gPCR.......coiiii e e 19
4.6. Statistical analySiS.........cccvviiiiiiiiiiciir e 20
5. RESULTS L.ttt ettt 442+ttt e e e e e ettt e e e e e s et e e e e nnnnsneeeeeeeannnes 21
5.1, LUCITErASE @SSAY....uuuuuuuiiiiiiieeeeeeeieiiieeetiiusnnnsassnsaassaaaaaaaaaseseesssssnnnnns 21
5.1.1. RPE-1 Cell IN@ ...euuiiiiiiiei et 21
5.1.2. RPE-1, 1.8kb TLX luc and p53 family members..............cccccvvvvnnnnne 22
5.1.3. RPE-1, 1.8 kb TLX luc and p53 family members..............ccccvvvvvnnnee 23
5.1.4. SH-SYS5Y CeIl IN@ ..cceiiiieiiee e 24
5.1.5. SH-SY5Y, 1.8 kb TLX luc and p53 family membe............ccccceeeeeennnn. 25
ST o | = O = PR EERPRRRR 26
5.3 GNP e e e 27
6. DISCUSSION .....iiiiiiiiie e eiitieee e smmr e e ettt e e e e e e sttt e e e e e e annsbeeeeeenssneeeeeaans 29



8. REFERENCES
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2. INTRODUCTION

2.1. Neuroblastoma

Neuroblastoma (NB) is a type of cancer that mostoéffects children. Neuroblastoma
occurs when immature nerve cells called neuroblast®me abnormal and multiply
uncontrollably to form a tumor (Internet 1). NB asdisease of the sympaticoadrenal
lineage of the neural crest, and therefore tumas develop anywhere in the
sympathetic nervous system. Most primary tumor®dp6ccur within the abdomen,
with at least half of these arising in the adrenatulla. Other common sites of disease
include the neck, chest, and pelvis (Brodeur e2@06). Neuroblastoma can spread
(metastasize) to other parts of the body such estimes, liver, or skin (Internet 1).
Neuroblastoma is the most common and deadly esm&dr solid childhood
malignancy, accounting for about 15% of all childdaumor-related deaths (Brodeur
et al. 2006). There are about 650 new cases obhEstoma every year in the United
States. This number has remained about the sammedioy years. The incidence rate is
approximately 7.6 cases per million per year foildtkn aged 0-19 years, 9.5 per
million per year for children aged 0-14 (Interngt 2

The average age at the time of diagnosis is abowb P years. In rare cases,
neuroblastoma is detected by ultrasound even bdfiotie. Nearly 90% of cases are
diagnosed by age 5. Neuroblastoma is extremely irap@eople older than 10 years
(Internet 3).

2.2. TLX

TLX is a member of theailless class of orphan nuclear receptors, a highly caesker
family in both vertebrates and invertebrates, satigg this family's importance during
evolution. Nuclear receptors form a large family todnscription factors that are
evolutionary conserved in species across the matszMangelsdorf et al. 1995) and
have important roles in several biological procssseacluding cell proliferation,
differentiation and cellular homeostasis (Evans3)0The properties of many nuclear
receptors are regulated by small hydrophobic mddscsuch as steroid hormone and by
metabolites like oxysterols, bile and fatty aci@thers are called ‘orphan nuclear

receptors’ because their corresponding ligands hatbeeen identified (Gui et al 2011).



The orphan nuclear receptor TLX (also called NR2E1an essential transcriptional
regulator of neural stem cell maintenance andreeléwal in the adult brain (Shi et al.
2004). Neural stem cells (NSCs) continuously predoew neurons in postnatal brains.
Niu et al. have showed that nuclear receptor TLXtmis the activation status of
postnatal NSCs in mice (Niu et al. 2011). Self-vesleand differentiation are two
fundamental properties of stem cells. Neural stetts @re a subset of undifferentiated
precursors that retain the ability to proliferatel @elf-renewal, and have the capacity to
give rise to both neuronal and glial lineagbtcKay et al 1997, Alvarez-Buylla et al.
1998, Gage et al. 1998, WeiksKooy 1998). Stem cell self-renewal is regulatedHsy
dynamic interplay between transcriptional factoepigenetic control, microRNA
(miRNA) regulators, and cell-intrinsic signals frothe microenvironment in which
stem cells reside (Shi et al. 2008; QuShi 2009). Many transcriptional factors and
cell-intrinsic regulators, including TLX, controklé-renewal, differentiation and neural

stem cell maintenance in both the adult and embecymgrvous system

TLX is expressed in the periventricular neurogemntme during mouse embryonic
development. TLX expression in the mouse startemabryonic day 8 (E8), peaks
around E12.5, and then declines from E13.5 thrauggnate. The expression of TLX
increases after birth, with high levels detectethmadult brain (Monaghan et al. 1995).
TLX knockout mice are viable and appear normal iathb However, mature TLX
knockout mice have significantly reduced cerebmahispheres and specific anatomical
deficits in the cortex and the limbic system (Clgigh Evans 1997, Monaghan et al.
1995, 1997). TLX mutant mice also display sevetmopathies and exhibit increased
aggressiveness and reduced learning abilitieseinead by Gui et al. 2010 and Shi et al.
2008). Late-developing structures such as the upmeical layers and the hippocampal
dentate gyrugDG) are reduced in size. These phenotypic changesatedibat TLX
has an important role for brain development in ybeng postnatal stage (Liu et al.
2008) and plays a critical role in regulating trevelopment of the visual and nervous
system (Gui et al. 2010).

It has recently been shown that TLX is expressetusively in astrocyte-like B cells in
the adult subventricular zone (SVZ), and recogninelde multipotent neural stem cells.

Thus, the TLX promoter is a useful tool to introdugenetic modification specifically



into neural stem cells (NSCs). In fact, inactivatiof the TLX gene in the adult SVZ
lead to loss of the self-renewal ability of adultSGs (Liu et al. 2008).
The subvenctricular zone of the lateral ventriald ¢he subgranular zone (SGZ) of the
DG are the largest germinal zones of sustainedogeunesis during adulthood in the
mammalian central nervous system (Gage 2000, AtvBrgy/lla and Garcia-Verdugo
2002).

The function of TLX is largely thought to preventpocious differentiation of NCSs

into mature neurons of glial cells during developm@eviewed by Niu et al. 2011).

TLX is essential for NSC proliferation and neuroggis in the post natal brain (Shi et
al. 2004, Liu et al. 2008, Zhang et al. 2008). Tdte of stem cells lacking TLX was not

clear, but it was thought that they undergo spatas differentiation into mature

astrocytes and thus deplete NSCs (Shi et al. 2004ontrast, Niu et al. showed that
deletion of TLX during embryogenesis does not leaé depletion of cells that have
characteristic of NSCs or result in spontaneoutemdhtiation on NSCs into mature

astrocytes at the time points examined (Niu eR@L1). Their data indicate that a loss
of TLX function first result in age-dependent dexge of active proliferation, followed

by an exit of cell cycle indicated by a non-licethst¢ate.

TLX genetically interacts with p53 signalling patlyvin postnatal NSCs. This is
supported by the significantly upregulated expamssof p21/Cdknla, p53 induced
cyclin-dependent kinase inhibitor in TLX-null stegells, indicating a direct link
between p21 expression and TLX function (Niu eall1). It has also been shown that
TLX directly binds to the promoter region of p2lu(Set al. 2007). It is well established
that the expression of p21 is under the directrobmtf the p53 signalling pathway in
most cellular contexts (Niu et al. 2011). Deletminp53 alone resulted in a small but
significant increase of proliferating cells, whighconsistent with a demonstrated role
of p53 in adult NSCs (Meletis et al. 2006). Takegether, these data indicate that TLX
genetically interacts with the p53 signalling padlywo tightly regulate the activity of
postnatal NSCs (Niu et al. 2011).

Niu and collaborators showed for the first timettleapressing cells generate both
activated and nonproliferative postnatal NSCs amat fTLX is required for NSC
activation and positioning in the neurogenic nicheX genetically interacts with the



p53 pathway to control NSC activation (Fig. 1)sltould also be noted in addition to
p53 signalling that TLX controls the expressionaoplethora of other genes that may
play important roles in the regulation of NSC aation (Niu et al. 2011).
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Fig.1 TLX-expressing cells generate both activaad inactivated postnatal NSC, which are identified
by marker expression. TLX is required for inactN8C to proliferate by modulating p21 expression in
a p53-dependent manner. Besides p53 signalling, @ls® modulates many other signalling pathways,

which may contribute to the regulation of NSC aatiion (adapted from Niu et al. 2011).

It was recently reported that TLX is overexpresgedarious glioma cell lines and
glioma stem cells, and that its expression in ghopatients is correlated with poor
prognosis (Park et al. 2010). TLX is also expresedtie retina where it is a key factor

in retinal development and essential for vision @fal. 2000).

2.3. TLX structure

Being one of nuclear receptor, as pointed out, TboKtains several functional domains,
which are characteristic for members of nucleaepéar family such as a DNA-binding
domain (DBD) and a conserved ligand-binding don{aiBD). The human and mouse
TLX are highly conserved (Fig 2) and are homologaitt Drosophila tailless. TLX
consensus DNA binding sequence is 5-AAGTCA-3".
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Fig. 2 Structure-function domains and sequence tmggoof human (h), mouse (m) TLX and (dTLL).
(adapted from Shi 2007).

Nuclear receptors are ligand-dependent transcrigéiotors that regulate the expression
of genes critical for a variety of biological preses. Nuclear receptors carry out
transcriptional functions through the recruitmetpositive and negative regulatory

proteins, referred to as coactivators and corepres©ne mechanism underlying the
repression activity of nuclear receptors is throtlghrecruitment of histone deacetylase
(HDAC) complexes (Sun et al. 2007). Sun etaddo showed that TLX interacts with

a set of HDACs in neural stem cells. TLX recruliede HDACs to its target genes to

repress their expression.

2.4. p53 family members

The p53 tumor-suppressor plays a critical roldhmprevention of human cancer. In the
absence of cellular stress, the p53 protein is ta@ed at low steady-state levels and
exerts very little, if any, effect on cell fate. Wever, in response to various types of
stress, p53 becomes activated; this is reflectedlemated protein levels, as well as
augmented biochemical capabilities. As a conseaquericp53 activation, cells can

undergo marked phenotypic changes, ranging fromeased DNA repair to senescence
and apoptosis (Oren 2003). The p53 gene is locatdte short arm of chromosome 17

(reviewed Levine et al. 1991).

The p53 protein has a biological function as ;eaf& G checkpoint control for DNA
damage (Lane 1992) and also regulates the expmneskmlarge number of target genes
(Vogelstain et al 2000).

2.4.1 Sructure

The p53 protein is composed of 393 residues anthrmnseveral structural domains
(see Fig. 3).
An acidic N-terminus transcription-activation domain (TAD, AD1) has 42 amino acids

and interacts with the basal transcriptional magtyinin positively regulating gene



expression. Amino acids 13-23 in the p53 protemidentical in a number of diverse
species. The p53 amino acids F19, L22, and W23 haea shown to be required for
transcriptional activation by the protamvivo (Lin et al. 1995). It has been shown that
p53 uses a hydrophobic interface in its N-termidaimain to interact with the
transcriptional machinery of the cell and its negategulators (Kussie et al. 1996).
Activation domain 2 (AD2) was identified and characterized for p53-dependent
apoptosis.

Proline rich domain (PRD) of human p53 is required for induction of apoptpsis
transcriptional repression, reactive oxygen speci@®0S) production and
transactivation. A p53 mutant lacking the prolingirdomain cannot repress a series of
promoters efficiently compared with wTp53 (Venoakt1998).

Central DNA-binding core domain (DBD) is localized between amino acid residues
102 and 292. It is a protease-resistant and indkgsetly folded domain containing Zn
ion that is required for its sequence specific DbiAding activity. This domain folds
into a four-stranded and five-stranded anti-pakfisheet that in turn is a scaffold for
two a-helical loops that interact directly with the DNBho et al. 1994).

Nuclear localization signalling domain (NLS) within residues 316 to 325
Homo-oligomerisation domain (OD) within residues 334 to 356.

C-terminal basic domain (BD) has 26 amino acids and is suggested to be an tampor

regulatory domain. Residues 353 to 392

|AD1| AD2 | PRD| DBD | NLS| OD[ BD |

Fig. 3 Schematic structure of p53.

The native p53 is a tetramer in solution, and angicid residues 324-355 are required
for this oligomerization of the protein (Jeffreyadt 1995). A 3-D model of the tetramer
(Fig. 4) is best described as a dimer of dimers bagether principally by thB-sheet
structure in addition to helix-helix interaction 6@ et al. 1994). In Vvitro,
tetramerization is not essential for DNA bindingdahe isolated core domain can bind
DNA with approximately one-fifth the affinity of tact p53 (Pavletich et al 1993). In
vivo, however, oligomerization-deficient p53 cannefficiently transactivate from
genomic p53 binding sites in transient transfectiesays (Pietenpol et al. 1994), and it
cannot suppress the growth of carcinoma cell lindsny mutants of p53 exert their

effects through a dominant negativeechanism whereby heteromers of wild-type and



mutant p53 no longer bind DNA sequence specificallybind with much reduced
affinity.

Fig. 4 Schematic structure of the oligomerizatiomain of p53 (adapted from Clore et al. 1294

The tumor suppressor p53 is the most commonly mdtgene in human cancers
(Olivier et al. 2002). More than 90% of the missemsutations in p53 reside in the
central DNA-binding core domain, and these mutatifadl into two classes. Mutations
in amino acid residues such as R248 and R273wihentost frequently altered residues
in the protein, result in defective contacts whk DNA and loss of the ability of p53 to
act as a transcriptional factor. A second claspS# mutations disrupts the structural
basis of thg3-sheet and the loop-sheet helix motif that acta ssaffold in this domain.
More than 40% of the missense mutations are lcadlia residues R175, G245, R248,
R249, R273, and R282, which play a role in thecstmal integrity of this domain or the
DNA contact sites directly (Cho et al. 1994, Hallstet al. 1994).

Normal p53 acts as a ‘molecular policeman’ monitgrihe integrity of the genome. If
DNA is damaged, p53 accumulates and switches pfications to allow extra time for
its repair. If the repair fails, p53 may triggefl@iicide by apoptosis (Yonish-Rouach
et al. 1991). Tumor cells, in which p53 is inacteciby mutation or by binding to host
or viral proteins, cannot carry out this arresteylare therefore genetically less stable
and will accumulate mutations and chromosomal asgements at an increased rate,
leading to rapid selection of malignant clones @d1®92). Wild type (normal) p53 is
accumulated in response to cellular stress, sudbNs#s damage, oncogene activation,
hypoxia, and telomere erosion, and triggers sew®odbgical responses, including cell
cycle arrest, apoptosis, senescence, and diffatemti(\Vousden et al. 2002) (Fig. 5). In

effect, p53 prevents cells from entering or progires through the cell cycle under



conditions that could generate or perpetuate DNAnaige. As the inactivation or
activation of p53 sets up life or death decisicars,exquisite control mechanism has
evolved to prevent its errant activation at the esatime as enabling rapid stress

responses (Toledo et al. 2006).

Oncogene activation ~ Hypoxia

DNA damage \ / Telomere erosion

MDMZ inhibition

p53 gene therapy ‘
Mutant p53 reactivation

Growth arrest Differentiation
Senescence Apoptosis

Fig. 5 The p53 signalling pathway and strategiestforestoration in tumors (adapted from Bykov let a

2003).

The three members of the p53 family share veryifsogmt homology both at the
genomic and at the protein level (Fig. 6). Eachtaimis a TAD, a DNA-binding domain
and an oligomerization domain. p63 and p73, butpd®, contain long C-termini. The
determination of the three-dimensional solutiorucure of the p63 and pé&Bha
isoforms C-terminus has shown that this region containsedlestalpha motif (SAM),

which is a protein-protein interaction domain (€hal. 1999).

Despite structure homology and substantial sequamzng the p53 family, they show
significant functional divergence. p53 is a tumappressor that is inactivated in
a majority of human cancers. In response to cedkst p53 acts as a sequence specific
transcriptional factor, with targets including genehich effect cell cycle arrest, DNA
repair, and apoptosis (Stewart et al. 2001). p&3 psitative oncogene, and is required

for the development and maintenance of stratifiphelium (Westfall et al. 2004).
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p73 has some properties of a tumor suppressomrlike p53 or p63, is involved in

neurogenesis, neuron survival, and the inflammatesponse (Irwin et al. 2001).
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Fig. 6 Schematic representation of the protein rtavdstructure of the p53 family members (adapted
from Détsch et al. 2010).

There are three major domains, which are highlyseored between family members.
The TAD is the least conserved with 22% identitywsen p63 and p53 and 30%
between p73 and p53 (Yang et al. 1998). The higleest of homology is reached in
the DBD (63% identity between p53 and p73, and &@&atity between p53 and p63),
which suggest that the three proteins can bindh® dame DNA sequences and
transactivate the same promoters (Levrero et alDOROThe carboxy-terminal
oligomerization domain (OD) of p53 is 38% identigath p63 and p73 (Dotsch et al.
2010). The carboxy-terminal isoforms differ in thebility to transactivate gene
expression (Zhu et al. 1998, De Laurenzi et al912@e & La Thangue 1999, Shimada
et al. 1999).

Because of alternative promoter usage and C-tetnatbernative splicing, all p53
family members are expressed in a number of isarferms. All p53 family genes
contain the same modular domain structure, inclyidim amino-terminal transactivation
domain (TA), a DNA-binding domain, and a carboxgxaal oligomerization domain
(Dotsch et al. 2010). In addition, p63 and p73 wgdealternative splicing of their
C-termini, resulting in three p63 isoforms (o y) and seven p73 isoforms (o n).

These isoforms are transcribed from an upstreamm@ier as well as from a cryptic
promoter within intron 3, called the TA afdN isoforms (reviewed in Yang§ McKeon

2000). Each of these isoforms may (TA) or may ddt)(contain the transactivation

domain (TAD), depending on whether transcriptiorina precursor mRNA starts from
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exon | (TA forms) or from exon IlI" AN forms). TheAN isoforms of p63 do not
activate transcription but instead can act domimagatively and inhibit transactivation
by TA p63 proteins and p53 (Yang et al. 1998). Tuiklength isoforms (TAp63 and
TAp73), containing a transactivation domain (TADgnerally behave similarly to p53
in terms of overlapping target promoters and bimalgfunctions. The usage of the
alternative promoter produces amino-terminally ¢ated AN isoforms, which are
devoid of the TAD and therefore transcriptionaltyactivate. As a consequence, these
isoforms act as inhibitors of the active family nimrs (Dotsch et al. 2010). TA
proteins can directly activate the transcriptiomAdf isoforms (Nakagawa et al. 2003,
Grob et al. 2001). Full-length and truncated iswi®rof the p53 generally exhibit
reciprocal biological functions: truncated isoforreapport proliferation while TA
variants promote cell cycle arrest, cellular seaese and apoptosis. However, it also

may depend on intracellular context (reviewed bysbib et al. 2010).

2.4.2.p73

The p73 gene is expressed as a p53 homologue (JApd3also as a negative regulator
of p53-dependent apoptosiSNp73) in the control of cell fate. There is evidertbat
TAp73 proteins can regulate apoptosis and cellecyatest, respectively, to induce
apoptosis. Both these actions of TAp73 are inhibityy ANp73, which is directly
transactivated by the TA isoform. Cell fate mayréfere be determined both by action
of TAp73 and by the relative abundance of TAp73 ANp73 isoforms (Fig. 7). This
mechanism is relevant for several cancers, inctudeuroblastoma (Rossi et al. 2004).
p73 shares the high homology with p53 and p73 n@pkromosome 1p36.1, a region
frequently deleted in several tumors, including melastoma, colorectal and breast
cancer (reviewed by lkawa et al. 1999). Howep&8 is infrequently mutated in human
cancers and has a pro-apoptotic functibime apoptosis-inducing activity of both wild-
type p53 and p73 can be inhibited through the itidacof ANp73, while p53
eliminates the function of both wild-type p53 and3p through its loss-of-function
mutations that frequently occur in many cancersusTldeath and survival of many cell
types in various organs could be regulated by dlesuialance between p53 family
members and their isoforms, including the antagogixariants such aaNp73 and
ANp63, as suggested (Pozniak et al. 2000). Nakagavweh has reported thaiNp73
which was induced by p73, in turn inhibited p73agirect interaction. The report has
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also shown that in the autoregulatory system ofpthi& family members, proapoptotic
p73 function is negatively regulated by its owng&rANp73, whose function is
antiapoptotic (Nakagawa et al. 2002).

Cisplatin
IR

Apnptﬂ.sis. -—.;H---EEE--H\I— .ﬁMi?S - S 0ryival

e wild-typa

I

@& —1 2 )= apopiosis

Cisplatin E2F-1
IR

Fig. 7 Schematic representation of interactionsibeh p73, DNp73, wT-p53, or mutant type p53
(adapted from Nakagaved al. 2002).

2. 4. 3. ANp73

ANp73 acts as a potent transdominant inhibitor of thild-type p53 and the

transactivation-competent TAp73 and confers drugjstance to the wild-type p53
harboring tumor cells (Zaika et al. 2002). Recenthhas been reported thANp73,

a dominant-negative inhibitor of wild-type p53 amdp73, is up-regulated in human
tumors but not in normal tissues. Thus, it is oxpressed in neuroblastoma
(Douc-Rasy et al. 2002), vulval cancer (O’'Nionsak2001), ovarian cancer (Ng et al
2000) and breast cancer cell lines (Fillippovichakt2001). Zaika et al. also showed
that ANp73 can build acomplex with wild-type p53 as destmted by

coimmunoprecipitation from cultured cells and prignumors (Zaika et al. 2002).

2. 4. 4. p53Hisl75 Mutant

Mutation at amino acid residue 175 is one of thestniicequently mutated sites at the
DNA binding region of the p53 protein. The p53-RH7% a dominant negative
conformational mutant as the mutation may affe@ gositioning of L2 and L3,
2 amino acid loops that interact with the minoray® of DNA molecule (Tsang et al.
2005). Tsang also showed that p53-R175H mutangfisctive for the induction of cell
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death by DNA damage. The protective effect of p33%H against drug-induced
apoptosis was also reported in neuroblastoma ttedlsexpress wild-type p53 protein
(Cui et al. 2002) and in Hep3B hepatoma cells, &-¢g&icient cell line (Stahler
& Roemer 1998). The overall structure of p53 rediesrginine 175, which is located in
the L2 loop of the DNA binding domain (Cho et a@9%). Full-length mutant p53
R175H lacks wild-type-like p53 functions and iseté&fore, transcriptionally inactive
and unable to induce cell cycle or apoptosis (Weat. 2006).

2.5. p53 binding sites on TLX promoter

The DBD of the p53 family proteins carries the ¢ggeahomology in between the p53
family members. A fully functional DBD is essentiahainly by the fact that most
mutations of p53 reside in this domain. The DBDpb68 family proteins all recognize
the p53-responsive element defined by El-Deiry letcansisting of the decamer
RRRCWWGYYY, where R is a purine, Y a pyrimidine aan adenine or thymine.

However, p53 family members can bind to other sege® as well (El-Deiry et al.

1992, Wetterskog et al. 2008). Putative p53 binditgs are shown in Figure 8.

Mouse TLX promoter

-5000 -3500 -1800 n +i00

l.ﬂa P TT& T&

Human TLX promoter

-5000 -4000 -1550 0 +730
|

FN N & &
Binding site: 4 3 T 2 T 1
& p53 binding site
+ TLX

Fig. 8 Mouse and human TLX promoter. Green triasgleow possible p53-binding sites and red arrows
possible TLX-binding sites.
2.6. p53incancer

The p53 transcription factor prevents tumor develept through induction of cell cycle
arrest and cell death by apoptosis. The nucleasgdtaprotein, p53, is usually present
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at low levels in the cell, due to a short half-lEgoprox. 30 min), but accumulates in
response to cellular stress, such as DNA damage fmadiation. It binds DNA in

a sequence-specific manner to activate the tragotsmriof a number of genes including
p21WAF1, MDM, and BAX. p53 is mutated in up to 6@¥human cancers of different
types, leading in most cases to accumulation offnoantional p53 (dominant-negative)
protein. Mutations occurs most commonly within tb&A binding domain of the
protein and the majority of these mutations aresarise in nature, leading to an intact,
albeit mutant protein (reviewed by Tweddle et 802). This contrasts with other tumor
suppressor genes, in which mutations generally teadcomplete loss of function and
suggest that mutant p53 is offering a selectiveanthge to cancer cells. In a subset of
non-mutated cancers, p53 is believed to be inaetivAy other mechanism including
viral inactivation, MDM2 amplification and deletiaf the INK4a-ARF gene encoding
p14™*F (Vogelstein et al. 2000).

2.7. Neural stem cells

Most adult stem cells are lineage-restricted, &isown as multipotent. Thus, neural
stem cells (NSCs) generate neural cells: neurosisp@tes and oligodendrocytes.
While progenitor cells already have a degree dfetghtiation and are committed to
differentiating into a specific cell line, for exale as neuronal progenitor cells

differentiate into neurons (Vieira et al. 2011).
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3.THE AIM OF STUDY

The general aim of this thesis was to study the aifl p53 family members in the
regulation of TLX expression. We wanted to see hamgrexpression of p53 family
members affects TLX-promoter activity and gene egpion in different cell lines

(normal and neuroblastoma), and to analyse therlynag mechanisms.
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4. MATERIALSAND METHODS

4.1. Cell culture

Two different cell lines were used in this theJieke hTERT RPE-1 cell line is a near-
diploid human cell line of female origin. It is abtished from retinal epitheliunThe
other cell line used was SH-SY5Y, which is a subeloof SK-N-SH that was
established from a bone marrow aspirate of thorazatecholamine secreting
neuroblastoma of a 4-year-old girl (Biedler et173). Both cell lines were routinely
maintained in medium supplemented with 10% fetalif® serum (FBS), glutamine
and 100 units/ml penicillin. The medium used weMBM/F12 for hnTERT-RPE-1 and
DMEM for SH-SY5Y.

The cells were kept in 75 dfask at the temperature of 37°C in a 5% GDmidified
under an atmosphere of 5% £€@he medium was changed every 3 days and when the
cells achieved 80-90% of confluence, the medium weasoved, washed with PBS,

3 ml of 0.25% trypsin were added and cells werailwated for 5 minutes under the
conditions mentioned above. After this time, celisre washed with medium to stop
trypsin action. The detached cells were taken o eentrifuged at 1100 g for

2 minutes at room temperature. The cell pellet reasspended and seeded into a new

flask with medium.

4.2. Promoter Reporter Assay - Luciferase Assay

Promoter reporter assays are used for studyingathieity of a specific promoter,

enhancer regions and transcription factors. Thela¢égry sequence of interest is cloned
upstream of a reporter gene, in our case the hasiéegene, and the resulting vector is
transfected into cells. The cells are treated withigs or cotransfected with vectors
expressing transcription factors or other proteiinthe promoter is active the luciferase
enzyme will be expressed. When the luciferase saftiestuciferin is added to the cell

lysates, the enzymatic reaction produces light¢hatbe quantified and give an indirect

measurement of the degree of promoter activity.

The different cell lines were seeded in 24 welkgdaat a density of 8 10* cells/well
(RPE-1) and 4x 10 cells/well (SH-SY5Y) and transfected on the neay dising
FUGENE®HD (Roche, Basel, Switzerland) transfection reagéaliowing the
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manufacturers protocol. Two days after transfectielts were lysed and the luciferase
activity was quantified by addition of luciferaselbstrate solution following the

manufactures protocol (Luciferase Assay Systemhifieal Bulletin, Promega) and the
luminescence was recorded by a luminometer (Victbransfection of each construct

was performed in quadruplicates in each assay.

The luciferase constructs used in this thesis werdgaining the 4.7, 1.8 and 0.5 kb
upstream sequence of the TLX gene. Cells wereftretesl with 0.3 to 0.44g reported

plasmid and 0.3 to 04g expression plasmid.

4.3. Western blot analysis

Western blotting, also known as immunoblotting, aistechnique to determine the
presence, relative amount and molecular weightaoious proteins of interests in cell,
by specific antibody detection.

Cultured cells were washed in phosphate bufferddeséPBS) and lysed using lysis
buffer containing protease inhibitors. Lysates wseoaicated. To remove cell debris,
lysates were centrifuged for 20 minutes at 4°C 4tODO rpm. Equal amounts of
proteins were loaded to and separated on 10-12%F5AEE gels and transferred to
PVDF membranes that were blocked in 5% BSA and quaby primary antibodies
(listed in Table 1) diluted in 5% BSA. The membraras incubated and shaken
overnight at 4°C. The membrane was then incubateghti-mouse or anti-rabbit IgG
secondary antibody diluted in TBS-T for 1 hour.ekf8 x 10 min washes in T-BST
membranes were developed using the enhanced cimeiméscence (ECL) Advance
system (GE Healthcare) and scanned using LAS-10890(Puijifilm).



18

Table 1: List of antibodies used in this thesis.

Antibody Company Species Application

p73 (H79) Santa Cruz Rabbit WB (1:1000)

TLX R&D Mouse ChiP

Ac-Histone H3K9/14 Santa Cruz Mouse ChiIP

p53 (FL-393) Santa Cruz Rabbit ChiP, WB (1:1000)
p53 (Pab-421) Calbiochem Mouse ChiP

4.4. ChIP Assay

Chromatin Immunoprecipitation assays (ChIP assiaya)method used to studyvivo
the location of DNA binding sites on the genomedaqparticular protein of interest. It
uses cross-linking DNA and proteins by formaldehydeation. It is followed by
sonication to shear DNA into fragments of 200-10se pairs. ChIP validated
antibodies specific to proteins are used to immua@pitate with protein-DNA
complexes, assumed to bind the regulatory regidre DNA fragments bound by
proteins are collected, the protein-DNA crosslirgkia reversed, proteins and RNA are
degraded while the DNA is purified using phenolochform extraction. The DNA is
amplified with PCR using primers specific agairte tegulatory region of interest. If

the antigen binds the region a band will be detkatieen run on an agarose gel.

Cells were cultured in 10-cm dishes to almost e@rite. Protein and DNA were
crosslinked by incubating cells with formaldehydeaafinal concentration of 1% for
10 min at 37°C. Cells were lysed in SDS lysis bu& mM Tris-HCI, 10 mM EDTA,
1% SDS, pH 8.1), the lysate was sonicated and atedbat 4°C with antibodies. The
antibody-protein-DNA complexes were precipitated bging ProteinA/G-agarose.
Immunoprecipitates were washed once with Low Saithune complex buffer (20 mM
Tris-HCI, 2 mM EDTA, 150 mM NacCl, 0.1% SDS, 1% it X—100, pH 8.1), High
Salt Immune complex wash buffer (20 mM Tris-HCI@M EDTA, 500 mM NacCl,
0.1% SDS, 1% Triton X-100, pH 8.1), LiCl buffer (d@M Tris-HCI, 1 mM EDTA,
0.25 M LiCl, 1% NP-40, 1% sodium deoxycholate, pH)&nd twice with TE buffer
(10 mM Tris-HCI, 1 mM EDTA, pH 8.1). Immunopreciaies were eluated twice with



19

elution buffer and incubated with 0.5M NaCl for 3 dt 65°C to reverse the
DNA-protein crosslinks. RNA and protein was degrhdsing Proteinase K for 1 h at
45°C and RnaseA for 30 min at 37°C. DNA was exegdatith a PCR Purification Kit

(Qiagen) and used for RT-PCR analysis, using prermsecific primers (Table 2).

Table 2: List of primers used for ChIP in this tises

Primer Forward sequence Reverse sequence Species
hTLX p531 5-GGT CGATCACAG 5-AGG ACAAGCTTT H
F1/R1 GGG ATT GG-3 CCC ATC AGC-3

hTLX p531 5-AAG CTT GTC CTT 5°-TCT GAG GTT GAC H
F2/R2 TCA CCT TCG GT-3 TGC TAG CCC T-3

hTLX p53 5°-CCG GAT CAACAA 5-AGG ACAAGCTTT H
3F2/1R1  GTG GGT ACC TC-3 CCC ATC AGC-3&

hTLX p53 2 5-GCG TGA ACC AGA 5-CGT AGC GCTTTC H
F1/R1 ACC TGA GG-3 TCG AAC TCG-3

hTLX p53 2 5-CGA GTT CGAGAA 5 -GGG TTT ATT AGG H
F2/R2 AGC GCT ACG-3 TGA CAG GAC G-3

hTLX p53 3 5-AGC ATG AGC AAG 5-GGC TCA GAT TCG H

F1/R1 CCAGCCGGAT-3 CAG CGC TC-3
HPRT 5-TGTTTG GGC TAT 5-ATAAAATGACTT H
TTACTAGTT G-3 AAG CCC AGA G-3

hGAPDH 5°-GAA GGT GAA GGT 5°-GAA GAT GGT GAT H

CGG AGT C-3 GGG ATT TC-3°
hp53 5-CCG CAG TCA GAT 5°-AAT CATCCATTG H
CCT AGC G-37 CTT GGG ACG-3

4.5. RNA isolation, RT-gPCR

Cells were seeded at 1x510° (RPE-1) and X 10° (SHSY) cells/well in 6-well plate.
On the following day, cells were transfected usiigGENE®HD (Roche, Basel
Switzerland) transfection reagent following the nifacturer’s protocol. Two days after

transfection cells were harvested and RNA isolatsihg the TRIAzol reagent
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(Invitrogen) and subsequent ethanol precipitatibotal RNA was then subjected to
quantitative reverse transcription-PCR (qRT-PCR)algms. Reactions contained
10 pmol forward and reverse primerss SYBR green super mix (Applied Biosystems)
and 2pL template cDNA. All samples were run in quadruglee in each experiment.
Values were normalized by human HPRT or GAPDH fachesample. The primer

sequences used in the gRT-PCR analyses are Iistebie 3.

Table 3: List of primers used for qRT-PCR in tHisgis.

Primer Forward sequence Reverse sequence Species
hTLX 5°-CAA GAG GTG GTG GCT 5'-ACC ACT ATG TGT AGG H
F1 CGATTT A-3 AAC GGC TTT G-3

hTLX-5 5-GAG GTG GTG GCT CGA 5-GCATTC CGG AAACTT H
TTT AG-3 CTC AG-3

HPRT 5 -TTTGCTTTCCTT GGT 5-GCT TGC GAC CTT GAC H
CAG GC-3 CAT CT-3

p73 5-GCACCACGT TTG AGC 5°-GCA GAT TGA ACT GGG H
ACC TCT-3 CCATGA-3

ANp73 5-CAA ACG GCC CGCATG 5°-TTG AAC TGG GCC GTG H
TTC CC-3 GCG AG-3

4.6. Statistical analysis

The data presented were stored and analyzed usoej §oftware (Microsoft).
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5. REQULTS

5.1. Luciferase assay

5.1.1. RPE-1cdl line

In order to investigate how the activity of a sfiecipromoter is regulated by
transcription factors, the promoter reporter agkagiferase assay) was performed. The
mouse TLX promoter of three different length, Q13 and 4.7 kb, all inserted in the
luciferase-reporter vector (pGL3), were used. Cekse cotransfected with a promoter
construct and an empty vector or p53-expressiotoved/hen p53 was transfected into
RPE-1 a repression of reporter activity was obseimaeall TLX promoter constructs.
The maximum reduction observed was approximateds &% the 0.5 kb TLX promoter
construct, 40% for the 1.8 kb TLX construct and 6686 the longest 4.7 kb TLX
construct (Fig 9). The overexpression of p53 vewatas confirmed by gRT-PCR (Fig.
10).
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Fig. 9 The TLX promoter constructs were cotrangfdcto RPE-1 cells with empty vector and p53
overexpressing vector. Data are presented as argage of luciferase activity compared to the #gtiv

of empty vector control (which was set to 100%)sies are the mean + SEM of three independent

experiments performed in quadruplicate
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Fig. 10 Overexpression of p53 and R175Hp53 in RREHS.

5.1.2. RPE-1, 1.8kb TLX luc and p53 family members

Next we examined the 1.8 kb long TLX construct wititee different expression
vectors: pcDNA3 containing p53, wTp73 &Np73. When we transfected wTp53 and
wTp73 into RPE-1 cell line a significant repressaimapproximately 60% for p53 and
50% for wTp73 was observed (Fig. 11). Interestinghe transfection witlANp73
showed a significant decrease as well. The maximeduction was approximately
60%. The overexpression of p53 vector (Fig. 10) efigh73 (Fig. 12A) andANp73
(Fig. 12B) were confirmed by gRT-PCR.
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Fig. 11 The TLX promoter constructs were cotransfécto RPE-1 cells with vector alone, vector
combined with wTp53, wtTp73 anfiNp73. Data are presented as a percentage of las&eactivity
compared to the activity of empty vector controh{@h was set to 100%). Results are the mean + SEM o

three independent experiments performed in quaidaipl
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Fig. 12 Overexpression of (A) wTp73 vector and fB)p73 in RPE-1 cells.

5.1.3. RPE-1, 1.8 kb TLX luc and p53 family members

Another Luciferase assay was performed to exantieelt8 kb long TLX construct
with p53 mutant R175Hp53. Cotransfection of R175Htant together with wTp53
reduced the inhibitory effect of wTp53 on TLX protao activity in RPE-1 cells
(Fig. 13). The overexpression of p53 vector andamuR175Hp53 was confirmed by
gRT-PCR (viz. Fig. 10).
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Fig. 13 The 1.8 kb TLX promoter construct was cagfacted to RPE-1 cells with vector alone, wTp53
and H175Rp53. Values represent mean luciferaseitgctError bars indicate standard deviation of

quadruplicate samples.

5.1.4. SH-SY5Y cdl line

When p53 was transfected into SH-SH5Y a represgias observed in both of the
0.5 kb and 1.8 kb TLX constructs. The maximal reiucis approximately 20% for
the 0.5 kb TLX construct, and 70% for the 1.8 kbXTluc construct (Fig. 14). The
overexpression of the p53 vector was confirmed asiétn Blot (Fig. 15A).
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Fig. 14 The TLX promoter construct was cotransfédie SH-SY5Y cells with vector alone and p53.
Values represent mean decrease of luciferase tgctivata are presented as a percentage of luciferas
activity compared to the activity of empty vectontrol (which was set to 100%). Results are themiea

SEM of three independent experiments performediadcuplicate.
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Fig. 15 Overexpression of (A) p53 vector and (B3 pY SH-SY5Y cells.
5.1.5. SH-SY5Y, 1.8 kb TLX luc and p53 family members

Next we examined the 1.8 kb long TLX construct witiree different expression
vectors: pcDNA3 containing p53, wTp78Np73, and p53 mutant R175H. In contrast
to the others, co-transfection of wTp53 decreabedatctivity of approximately 73%.
wTp73,ANp73 and p53 mutant R175H showed a significanteia®e when they were
transfected. The maximal increases were approxiyn@@®o, 1840% and 275% of the
vectors: wTp73ANp73 and p53 mutant R175H (Fig. 16). The overexgioesof p53
vector (Fig. 15A) and wTp73 (Fig. 15B) were confaun by Western Blot. The
overexpression oANp73 (Fig. 17B) and also wTp73 (Fig. 17A) was conéd by
gRT-PCR.
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Fig. 16 The TLX promoter construct was cotransfedie SH-SY5Y cells with vector alone wTp53,
wTp73, ANp73 and mutant H175Rp53. Values represent medfedase activity. Error bars indicate

standard deviation of quadruplicate samples.
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Fig. 17 Overexpression of (A) wTp73 vector and B)p73 in SH-SY5Y cells.

5.2. gPCR

Following the repression exhibited by wTp53 on tw®moter we confirmed the
Luciferase assay results with gPCR. We found th& @verexpression inhibited TLX
MRNA expression in both cell lines RPE-1 (Fig. 48) SH-SY5Y (Fig. 19).
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Fig. 18 p53 inhibits MRNA expression of TLX. Erttwars indicate standard deviation of two independent

experiments performed in quadruplicate.
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Fig. 19 p53 inhibits MRNA expression of TLX. Erttwars indicate standard deviation of two independent

experiments performed in quadruplicate.

5.3. ChIP

In order to further analyze the mechanism by wip&8 inhibits TLX we wanted to
determine if p53 affects TLX expression by diregtding to the promoter region of
human TLXin vivo using ChIP assay. Since we found several poskibting sites for

p53 in the TLX promoter, specific primer pairs weanstructed for the different p53
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binding sites. The PCR reverse and forward prinflarking the essential regions are

shown in Fig. 20.
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Fig. 20 A diagram illustrating the three pairs afgers used for ChIP analysis and p53 binding sites

In order to see whether p53 binds the TLX promatewivo, ChIP assays were
performed for RPE-1 cell line, using 2 differentibadies for p53 (FL393 and Abl),
TLX, Acetylated Histone (AcHis), and IgG as non-gfie control (Fig. 21). Using

chromatin immunoprecipitation and semi-qPCR witimgrs for the specific promoter
regions, we showed that overexpression of p53 irE-RPcells led to increased
recruitment of p53 to TLX promoter at putative g&iBding site 2 and 3 (but not site 1,
data not shown) while histone acetylation (markeraictive chromatin) was decreased.

FLAG p33

Input IgG F3593 Abl TLX AcHis water Input IsG F353 Abl TLX AcHis

hTLX promoter p53 2

——
—

hTLX promoter p53 3

HPRT

Fig. 21 Overexpression of p53 led to increasedurgoent of p53 to TLX promoter at putative p53
binding site 2 and 3, while histone acetylation rfkea for active chromatin) was decreased. The arow

show the specific product size.
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6. DISCUSS ON

Neuroblastoma is the most common extracranial sofitbr in infancy and accounts for
approximately 15% of childhood cancer deaths. psom of the p53 pathway is
a common mechanism leading to defects in apoptwsisancer cells. Increasing
evidence suggest that the p53 pathway may be wadetl in NB. Inactivation of the
p53 pathway occurs most commonly at the time aipst. The p53 family proteins,
p73 and p63, can also induce apoptosis, and etrtiles suggest that p73 may be
important in NB pathogenesis and response to tegatifWolter et al. 2010). The p53
family members and TLX have important roles in @@l development, but the

relationship between them has not been investigatéds context.

The primary purpose of this study was to inveségahether p53 protein can bind to
the TLX promoter and if it can affect its activitWe demonstrated herein that p53
binds the TLX promoter and regulates its activibne putative binding site for p53 is
presented on the shortest (0.5 kb) TLX promoterstract, and two and four sites,
respectively, for the 1.8 kb and 4.7 kb TLX prormmatenstructs. Repression of TLX
promoter activity by p53 was evident in both celek we tested.

Next we examined whether and how other p53 famigminers and their mutants can
affect the promoter activity in RPE-1 and SH-SY5Ye 1.8 kb TLX construct was
used. We expected to see similar expression psofiee the different p53 family
members, but we found big differences betweenwioecell lines. As mentioned above,
overexpression of wTp53 was able to downregulae phomoter activity when

compared with the vector control in both cell lines

In NB cell lines, TAp73 is variably expressed is@stially all cells with few exceptions
(Kaghad et al. 1997, Kovalev et al. 1998). ConvgrseNp73 was detected only in
a subset of cell lines, primarily, but not excldy in those with MYCN amplifications
(Casciano et al. 2002). The physiological contidoubf p73 locus to NB development
has been recently shown to be due not to the lbgsoapoptotic TAp73, but to the
induction of the antiapoptotic form of p73 (Cascaet al. 2002, Douc-Rasy et al.
2002).
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DNp73 is an NH-terminal truncated isoform of human p73, lackihg transactivation
domain, therefore itan bind DNA, but not activate transcription. ltalso predicted to
be a transdominant inhibitor of wTp53 through difgiading to wT-p53, thus inhibiting
its apoptosis-promoting activity (Pozniak et al0@p DNp73 was able to activate the
TLX promoter in the SH-SY5Y cell line, possibly dte its dominant-negative effect
on endogenous p53 repression of TLX promoter dgtivBurprisingly, DNp73
repressed the TLX promoter activity in the RPE-Il lbee. This experiment must be
repeated to confirm that DNp73 really does notvat#i the promoter in RPE-1 cells.

Since the p53 family proteins are sequence-spetiascriptional factors where all
members can bind to the canonical p53 binding semi@Netterskog et al. 2009) and
share a high homology with p53, p73 should actlaings p53. However, the opposite
effect was seen using p73. Overexpression of wiwa@8 able to downregulate TLX
promoter in RPE-1 cells, as expected, but slightbregulated TLX promoter in
SHSY5Y cells. This small effect by p73 on TLX mag loue to high levels of
endogenous p73 in the SH-SY5Y cell line and tharexpression does not give any
additional effectWe were unfortunately not able to determine endogstevels of p73
and DNp73 in any of these cell lin&nce p73 can bind the same consensus sequence
as p53 it is possible that DNp73 might compete w3 and p73 for DNA binding
(Wetterskog et al. 2009). Additional mechanism &f3 pnhibition might be direct
promoter competition, withANp73 displacing p53 from the DNA binding site
(Ischimoto et al. 2002). Possible explanation fdrywegulation ofTLX expression
shows such differences is that p73 and DNp73 maghtally induce p53 nuclear
accumulation. DNp73 can possibly induce p53 effattsome caséGoldschneider et
al. 2004).

In this study we next examinated a dominant negahigt spot' mutant in human cancer
(Vousden & Lu, 2002) R175H p53. R175Hp53 is undbléind to DNA but has the
ability to bind to wTp53 and thereby reduce the amaf wTp53 able to bind to DNA
by sequestering it. As a result the DNA-bindingedtive p53 mutant R175Hp53 was
not able to repress the promoter activity. Coexgoesof R175H mutant p53 with
wTp53 inhibited the repressive effect of wTp53 onXTpromoter activity in RPE-1
cells. However, expression of R175H p53 in SH-SY&dtivated the TLX promoter,
showing that this DNA-binding deficient mutant h@aevented wTp53 from binding to
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DNA in both cell lines. The activation occurring BH-SY5Y might be due to
sequestering of TAp73 by the mutant p53, which mitgive enabled DNp73 to bind
DNA. If TAp73 were bound to TLX promoter in SH-SY5¥elease of TAp73 from the
promoter by increasing amounts of R175Hp53, whicid® and sequesters TAp73,

could lead to a relative activation of the promoter

Having seen the decrease of TLX expression due5® qwverexpression by using
Luciferase assay and qPCR analysis, we wantedrify Weat the effect of p53 was due
to its direct binding to the TLX promoter chromatm vivo. This was confirmed by
using ChIP assay in RPE-1 cells, where we foundibgof p53 to the TLX promoter

chromatin at two different putative p53 bindingesit
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7. CONCLUSON

In summary we showed in this study, that p53 bihésTLX promoter and regulates its
activity. Overexpression of p53 was able to dowalatg TLX promoter in both tested
cell lines. We expected to see similar expressiatfilps for the different p53 family

members. Surprisingly, experiments with other mamtebd not show such uniform
results. It is necessary to determine endogenagssi®f p73 and DNp73 in these cell
lines in order to find the reason behind theiretiint effects in the two cell lines.

We also demonstrated the mechanism by which p5SBitehiTLX. We confirmed that
p53 effects TLX expression by direct binding to fr@moter region of TLX. From
several possible binding sites we proved two ofnthd-urther studies must be
performed in order to find out the detailed mechars behind the interaction of p53

signalling and TLX in neuroblastoma.
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