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4 Abstract

Santosh Gupta

Functional Study of Oncogenic Transcription Factor ERG and its Signaling in
Prostate Cancer

Institute of Biomedicine, Department of Pharmacology, Drug Development and
Therapeutics, University of Turku, and VTT Medical Biotechnology, Turku, Finland

ABSTRACT

TMPRSS2-ERG is the most frequent type of genomic rearrangement present in
prostate tumors, in which the 5- prime region of the TMPRSS2 gene is fused to the
ERG oncogene. TMPRSS2, containing androgen response elements (AREs), is
regulated by androgens in the prostate. The truncated TMPRSS2-ERG fusion transcript
is overexpressed in half of the prostate cancer patients. The formation of TMPRSS2-
ERG transcript is an early event in prostate carcinogenesis and previous in vivo and in
vitro studies have shown ectopic ERG expression to be associated with increased cell
invasion. However, the molecular function of ERG and its role in cell signaling is
poorly understood. In this study, genomic rearrangement of ERG with TMPRSS2 was
studied by using comparative genomic hybridization (CGH) in prostate cancer
samples. The biological processes associated with the ERG oncogene expression in
prostate epithelial cells were studied, and the results were compared with findings
observed in clinical prostate tumor samples. The gene expression data indicated that
increased WNT signaling and loss of cell adhesion were a characteristic of TMPRSS2-
ERG fusion positive prostate tumor samples. Up- regulation of WNT pathway genes
were present in ERG positive prostate tumors, with frizzled receptor 4 (FZD4)
presenting with the highest association with ERG overexpression, as verified by
quantitative reverse transcription-PCR, immunostaining, and immunoblotting in
TMPRSS2-ERG positive VCaP prostate cancer cells. Furthermore, ERG and FZD4
silencing increased cell adhesion by inducing active Bl-integrin and E-cadherin
expression in VCaP cells. Furthermore, we found a novel inhibitor, 4-(chloromethyl)
benzoyl chloride which inhibited the WNT signaling and induced similar phenotypic
effects as observed after ERG or FZD4 down regulation in VCaP cells. In conclusion,
this work deepens our understanding on the complex oncogenic mechanisms of ERG in
prostate cancer that may help in developing drugs against TMPRSS2-ERG positive
tumors.

Keywords: Bl-integrin, CGH array, ERG, FZD4, prostate cancer, VCaP, WNT
signaling.
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Santosh Gupta

ERG onkogeeni ja sen signalointi eturauhassyovissi

Biolidiiketieteen laitos, farmakologia, lidfikekehitys ja lddkehoito, Turun yliopisto;
VTT Liikekehityksen biotekniikka, Turku, Finland

ABSTRAKTI

TMPRSS2-ERG fuusiogeeni on yleisin eturauhassyOvissd kuvatuista genomisista
uudelleenjirjestymisistid. Fuusiogeeni muodostuu TMPRSS2-geenin 5'-alueen ja ERG-
onkogeenin yhdistymisestdi. TMPRSS2 geeni ilmentyy androgeenien vaikutuksesta
eturauhasessa. TMPRSS2-ERG geenifuusio 10ytyy mnoin puolelta eturauhas-
syoOpdpotilailta ja se on aikaisessa vaiheessa tapahtuva sydvdn syntyd edesauttava
muutos. Aiemmat soluviljelmilld ja eldinmalleilla tehdyt tutkimukset ovat osoittaneet,
etti ERG-onkogeenin ektooppinen ilmentyminen lisdd solujen invaasiota. Kuitenkin
ymmérryksemme ERG-geenin  toiminnan  vaikutuksesta soluissa toimivien
signalointireittien sédételyssd on vield puutteellista. Téssd tydssd tutkimme ERG:n ja
TMPRSS2:n vilistd genomista uudelleenjdrjestymistd eturauhassyOpandytteissa
kayttdmalld vertailevaa genomista hybridisaatiota (CGH). ERG onkogeenin toimintaan
liittyvid biologisia prosesseja tutkimme viljellyissd eturauhasen epiteelisoluissa ja
vertasimme tuloksia kliinisissd eturauhassyOpédnidytteissd ndkyviin muutoksiin.
Tulokset geeniekspressioanalyyeista osoittivat WNT-signaloinnin aktivaation ja
viahentyneen soluadheesion olevan ERG-positiivisille syopédndytteille tyypillisid
piirteitd. Osoitimme kvantitatiivisella kéénteistranskriptaasi-PCR:1ld ja  immuno-
véirjayksin  WNT signalointiin osallistuvien geenituotteiden, erityisesti frizzled-4
(FZD4) reseptorin, lisddntyneen ERG-positiivisissa syopandytteissd. ERG- ja FZD4-
geenien hiljentdminen lisdsi syopdsolujen tarttumiskykyéd aktivoimalla B1-integriinin
ja E-kadheriinin  ekspressiota VCaP-soluissa. Loysimme uuden inhibiittorin, 4-
klorometyyli-bentsoyylikloridin, joka vdhensi WNT-signalointia ja aiheutti
samankaltaisia muutoksia kuin ERG:n tai FZD4:n ilmentymisen esto VCaP-soluissa.
Téma tyd lisdd ymmirrystimme ERG-onkogeenin toiminnasta eturauhassyovéssi ja
saattaa edesauttaa TMPRSS2-ERG-positiivisiin  eturauhassydpiin - kohdistuvaa
ladkekehitysta.

Avainsanat: Pl-integriinin, CGH, eturauhassyopd, ERG, FZD4, VCaP, WNT
signalointi.
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8 Abbreviations

ABBREVIATIONS

Official symbol Official name

4-CMBC 4-(chloromethyl) benzoyl chloride
AML Acute myelogenous leukemia

AR Androgen receptor

ARE Androgen responsive element
ATCC American type culture collection
BSA Bovine serum albumin

CDHI1 E-cadherin

CDS Coding sequence

CGH Comparative genomic hybridization
COL Collagen

COPA Cancer outlier profile analysis
CRPC Castration resistant prostate cancer
CTB Celltiter-blue

CTG Celltiter-glo

DAPI 4',6-diamidino-2-phenylindole
EMT Epithelial-to-mesenchymal transition
ERG V-ets erythroblastosis virus E26 oncogene homolog (avian)
ESR Estrogen receptor

ETS E-twenty six

ETV1/4/5 ETS variant 1/4/5

FN Fibronectin

FZD4 Frizzled receptor 4

GFP Green fluorescencent protein
GSEA Gene set enrichment analysis

GTI Gene tissue index

HDACI1 Histone deacetylase 1

HRP Horseradish peroxidase

IP Immuniprecipitation

LAM Laminin

MET Mesothelial-to-epithelial transition



Abbreviations

PCa Prostate cancer

PI Propidium iodide

RACE Rapid amplification of cDNA ends
RT-PCR Reverse transcriptase PCR

siRNA Small interfering RNA

SNAI1/2 Snail homolog 1 /2(Drosophila)
TCF/LEF T-cell factor/lymphoid enhancer factor
TFF3 Trefoil factor 3

TLR4 Toll-like receptor-4

TMPRSS2 Transmembrane protease, serine 2
VDR Vitamin D receptor

VIM Vimentin
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1. INTRODUCTION

The TMPRSS2 gene is fused to ERG (an oncogenic ETS transcription factor) in more
than half of the tumors occuring in patients with localized prostate cancer (Tomlins et
al., 2005; Demichelis et al., 2007). The 5-prime region of the TMPRSS2 gene has
androgen response elements (AREs), and is controlled by androgens in the prostate,
and therefore, TMPRSS2 is expressed in both normal prostate and prostate tumor
samples (Tomlins et al., 2005). TMPRSS2-ERG gene fusion positive prostate cancer
patients were reported to have poor prognosis (Demichelis et al., 2007). The
morphological characteristics of TMPRSS2-ERG positive prostate tumors are large
nucleoli, intraductal spread of cancer cells as well as embedded acini (Zong et al.,
2009). In vivo and in vitro studies of TMPRSS2-ERG in the prostate have confirmed
its role in cell invasion and cell signaling, e.g. in the PI3K pathway activation (Tomlins
et al., 2008; Zong et al., 2009). TMPRSS2-ERG overexpression in a mouse model led
to the development of prostate intraepithelial neoplasia but not to invasive
adenocarcinoma (Klezovitch et al., 2008; Zong et al., 2009). However, the molecular
mechanism of the formation of TMPRSS2-ERG gene fusion and its signaling in
prostate tumors is still unclear.

The main aim of this thesis is to explore the genetic mechanisms leading to gene
fusions in advanced prostate tumors, and the molecular mechanisms of ERG-initiated
oncogenesis in prostate cancer. In silico, in vitro, and in vivo studies were performed to
identify the potential downstream pathways linked with ERG activation in prostate
cancer. Cell adhesion mechanisms induced by TMPRSS2-ERG in VCaP prostate
cancer cells were determined. Furthermore, a novel compound was identified that
inhibited WNT signaling and induced cell-cell and cell-matrix adhesion in TMPRRS2-
ERG positive VCaP cells. In conclusion, this work will help us to understand the
complex regulatory pathways, like WNT signaling and cell adhesion, involved in
TMPRSS2-ERG positive prostate carcinogenesis.
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2. REVIEW OF THE LITERATURE

2.1. Prostate Cancer

Prostate cancer is one of the most common cancers, and also one of the most common
causes of cancer-related death in men (http://www.cancer.org, Rosenberg et al., 2010).
It is more common in Western countries than in Asia (Hsing et al., 2000; Whittemore
et al., 1995). Due to the multifocal and heterogeneous nature of prostate cancer, it is
quite difficult to study its progression (Scardino, 2000). The prostate gland is an
integral part of the male reproductive system, and it is located under the urinary
bladder (Dixon et al. 1999) and controlled by androgens. Among other substances,
prostate produces prostate-specific antigens and prostatic acid phosphatase involved in
e.g. sperm liquidification (Rao AR et al., 2008; Balk et al., 2003; Ross et al., 1999;
Mooradian et al., 1987; Ostrowski and Kuciel, 1994).

The steroidal hormones, testosterone and its active metabolite dihydrotestosterone
(DHT), are important for prostate growth and differentiation, and bind strongly to
androgen receptors (AR, a member of nuclear receptor superfamily) (Roy et al., 1999;
He et al., 1999; Heinlein and Chang, 2002a; Heinlein and Chang, 2002b; Marker et al.,
2003; Tindall and Rittmaster, 2008). AR plays an important role in prostate specific
gene regulation, and in modulation of gene expression by interacting with the
regulatory regions (androgen response elements) of its target genes (Riegman et al.,
1991), and the activation of various signaling pathways may eventually lead to
development of hormone refractory prostate cancer (Culig et al., 1994; Seaton et al.,
2008; Malinowska et al., 2009).

The majority of prostate cancer cases are adenocarcinomas, arising from prostate
epithelial cells in the peripheral zone rather than in the transition zone (Myers, 2000;
Haggman et al., 1997; Shin et al., 2000; McNeal and Haillot, 2001; McNeal and
Bostwick, 1986; Scardino, 2000). Typically, many isolated malignant zones can be
observed within the same prostate gland (Sakr et al., 1994; Dickinson, 2010). Age,
diet, family history, and ethnic background are known risk factors in prostate cancer
development (Pienta and Esper, 1993). Among these, age is the most important risk
factor, as prostate cancer incidence increases dramatically with age (Hankey et al.,
1999). Inflammation may also play a role in prostate cancer progression (Nelson et al.,
2004). Prostatic intraepithelial neoplasia (PIN) is a premalignant proliferation (lesion
with increased cells) arising within ducts and acini of the prostate gland. The PIN
lesion can be categorized to either low-grade or high-grade PIN (Bostwick and Qian,
2004; Joniau et al., 2005). High-grade PIN (HGPIN) is more invasive, has epithelial
crowding and stratification, and has larger nuclei than the low-grade PIN. HGPIN may
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progress into cancer (Bostwick and Brawer 1987; Kovi et al., 1988; Montironi et al.,
2007) and eventually result in mortality. There are a number of genetic alterations
frequently detected in PIN, including chromosomal amplifications at 7p, 7q and 8q,
inactivations of chromosomal regions (8p, 13q, 16q, etc.), mutations in tumor
suppressor genes (such as NK3 homeobox 1 (NKX3-1), Phosphatase and Tensin
Homolog (PTEN), and overexpression of oncogenic proteins, such as c-Myc and Bcl-2
(Qian et al., 1995; Qian et al., 1997). There are also several gene products that can be
used for diagnostic and therapeutic purposes for prostate cancer, such as Fatty Acid
Synthase, Glycoprotein A80, Alpha Methyl Acyl CoA Racemase (AMACR) and
Glutathione S-Transferase pi 1 (GSTP1) (Joniau et al., 2005; Swinnen et al., 2002;
Coogan et al., 2003; Rubin et al., 2002; Ananthanarayanan et al., 2005; Jeronimo et al.,
2002).

2.2. ETS Transcription Factors

In humans, nearly 30 ETS family members have been identified so far. A common
feature to ETS transcription factors is a conserved DNA-binding domain, and a
subclass of them also has sterile alpha motif (SAM) and pointed domain (PNT) (Seth
and Watson, 2005; Oikawa and Yamada, 2003). ETS family members can act as
transcriptional activators, repressors or both (Gutierrez-Hartmann et al., 2007; Verger
and Duterque-Coquillaud, 2002; Sharrocks, 2001; Oikawa, 2004). The ETS
transcription factors are associated with different type of cancers and are involved in
different biological processes, such as cellular differentiation, cell cycle, motility and
proliferation (Bassuk and Leiden, 1997; Oikawa and Yamada, 2003; Hollenhorst et al.,
2010; Look, 1995). For instance, ETS2 transcription factor may physically interact
with Fos-Jun, ERG or ETS1 by forming heterotrimers (Basuyaux et al., 1997). The
EWS-Fli-1 fusion gene is known to induce c-Myc oncogene expression in the Ewing
carcinoma cells (Dauphinot et al., 2001). TEL-JAK2 gene fusion activates Statl and
Stat5, and promotes T-cell lymphoma development (Carron et al., 2000). ETS1 gene is
overexpressed in multiple cancer types, and is involved in cancer invasion and
metastasis via degradation of the extracellular matrix (ECM) and is associated with
poor prognosis (Behrens et al., 2001; Davidson et al., 2001). ERG is located on
chromosome 21 and it has been described as an oncogene in multiple cancer types
(Reddy et al., 1987; Owczarek et al., 2004). In human myeloid leukemia cells, the ERG
gene is fused with the TLS/FUS gene on chromosome 16 (Kong et al., 1997) and ERG
is fused with TMPRRS?2 gene in more than half of the prostate tumors (Tomlins et al.,
2005).
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2.3. Chromosomal Rearrangements and TMPRSS2-ERG in Prostate
Cancer

Chromosomal rearrangements, deletions, translocations, inversions and gene
amplifications, play an important role in cancer development (Chen et al., 2005;
Gajecka et al.,, 2008; Sheen et al., 2007; Vissers et al., 2007). Chromosomal
rearrangement can lead to cancer due to the deletion or disruption of a tumor
suppressor gene or due to an over-expression of an oncogene (Tanaka et al., 2006).
Accordingly chromosomal rearrangement can transform a proto-oncogene into a
cancer-causing gene (oncogene) leading to cancer progression (Lonnig and Saedler,
2002).

TMPRSS?2 (transmembrane protease, serine 2), located on chromosome 21, is highly
expressed in normal prostate epithelial cells as well as prostate cancer cells, and is
controlled by androgens and estrogens (Paoloni-Giacobino et al., 1997; Setlur et al.,
2008). The 5-prime untranslated region of TMPRSS?2 is frequently fused to the ERG
oncogene in prostate tumors. This has been confirmed by several studies (Attard et al.,
2008; Attard et al., 2010; Dehm, 2008; Helgeson et al., 2008; Hermans et al., 2009; Hu
et al., 2008; Jhavar et al., 2008; King et al., 2009; Klezovitch et al., 2008; Mao et al.,
2008; Mehra et al., 2008; Mosquera et al., 2008; Perner and Rubin, 2008; Saramaki et
al., 2008; Yu et al., 2010), initially discovered by using a bioinformatics approach
based on outlier gene expression analysis followed by RNA ligase mediated rapid
amplification of cDNA ends (RLM-RACE) and sequencing (Tomlins et al., 2005).
Fusion of TMPRSS2 and ERG resulted in androgen mediated ERG overexpression in
prostate cancer (Tomlins et al., 2005) (Fig. 1).
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Figure 1: Schematic representation of the TMPRSS2-ERG gene fusion model. The strong
TMPRSS?2 gene promoter containing androgen response elements (AREs) is fused to the ERG
oncogene to form the TMPRSS2-ERG fusion transcript. The TMPRSS2-ERG fusion gene is
now controlled by androgen via androgen receptor (AR) and produces high levels of
TMPRSS2-ERG mRNA and protein, which is involved in prostate cancer progression. The
fusion protein takes part in cell proliferation and invasion in prostate cancer (Tomlins et al.,
2005).

2.4. Role of ERG in Prostate Cancer

TMPRSS2-ERG genomic rearrangement occurs early in prostate cancer development,
but its prognostic significance may depend on cytogenetic characteristics of the tumor,
of the overexpressed ERG transcripts, and of the disease stage (Attard et al., 2008;
Hermans et al., 2009). Also the phenotypes of ERG positive prostate cancer mouse
models varies considerably, which is probably due to differences in hereditary
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backgrounds of the mice and different isoforms of ERG in overexpression constructs
(Zong et al., 2009).

In vivo overexpression of ERG in a transgenic mouse model resulted in PIN formation
and increased integrin B4 expression. ERG overexpression in mouse prostate glands
also resulted to the disruption of basal layer by luminal cells which allows contact with
the stromal microenvironment (Klezovitch et al., 2004). Results from histological
analysis of mice transduced with a lentiviral ERG overexpression construct in prostate
epithelial cells indicated that ERG is sufficient to induce neoplastic changes in prostate
epithelium but does not produce invasive adenocarcinoma (Klezovitch et al., 2008;
Tomlins et al., 2008; Zong et al., 2009). However, both in vivo and in vitro studies of
ERG overexpression resulted into increased invasion of prostate cancer cells (Tomlins
et al., 2008). The urokinase plasminogen activator (PLAU) was upregulated in ERG
overexpression study in prostate RWPE cells, and resulted to increased cell
invasion (Tomlins et al., 2008). ERG overexpression in the prostate cell model has
been connected also with the induction of c-Myc induced neoplastic changes (Sun et
al., 2008). Zong et al. (2009) by using immunohistochemistry showed that c-Myc and
c-JUN (which is a binding partner of ERG) are overexpressed in ERG-transduced
prostate gland as compared with normal glands (Verger et al., 2001). Furthermore,
simultaneous overexpression of AR and ERG in prostate epithelial cells by lentiviral
systems developed invasive adenocarcinoma, while AR or ERG overexpression alone
did not induce prostate cancer (Zong et al., 2009). In addition, in one in vivo study the
ERG overexpression together with AKT kinase resulted to invasive prostate cancer, but
when expressed alone developed only PIN. Zong et al. (2009) also confirmed that ERG
overexpression in connection with PTEN knockdown led to the development of
prostate adenocarcinoma but PTEN knockdown alone formed only PIN and
hyperplasia.

ERG also plays an important role in regulation of phospholipase A2, group VII
(PLAG7), vitamin D receptor and prostaglandin signaling in prostate cancer (Vainio et
al., 2011; Hendrickson WK et al., 2011; Mohamed et al., 2011). One of the recent
studies confirmed also the up regulation of Toll-Like Receptor-4 (TLR4) and NF-kB
pathway activation in TMPRSS2-ERG positive tumors, which led to prostate cancer
development (Wang et al., 2011). Trefoil factor 3 (TFF3) which is overexpressed and
regulated by ERG, promotes cell invasion in castration-resistant prostate cancer
(CRPC) cells (Rickman et al., 2010). Enhancer of Zeste Homolog 2 (EZH2) is also
activated by TMPRSS2-ERG and mediates the epigenetic silencing in prostate cancer
(Yu et al.,, 2010). The most relevant cancer related pathways linking to ERG
oncogenesis is summarized in tablel.
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Table 1: Studies on the effects of ERG oncogene in biological pathways which are linked in
prostate cancer progression.

-Nuclear atypia
- Increased invasion

Pathways | Genes/molecules Phenotypes Experimental References
Models
PI3K Palhway PTEN. and AKT ERG and AKT overexpiession: Zoug el al., 2005
-Cribriform growth with cell crowding
-Embedded acini Mouse model

plasminogen activator (WPA) expression
-Tnereased inflammation

Arechidonic PLA2G7 -Up-regulated in prostate carcer Insilico (1ST) Vairioet al., 2011
Acid -Increased growta and survival Prostate cancer
-Regulativnofoxidaivesiress lissues
VCaPecells
LNCaP cells
Vitamin D VDR Up-regulated VDR expression: Hendrickson WK et
Receptor -Low prostate-specific antigen (PSA) 2l.. 2011
Sigaaliag -Lower Glezsonscore
-Less advanced tumourstage Prostate cancer
-Most likely having TMPRSS2:CRG fusion tissues
-Redneed risk of lethal prostate
cancer
Prostaglandin HFEGD and PGE, -HPGD and PEG2 expressionis regulated by Mohamed etal.,
Sigaaliag ERG protein 2011
-ERGsilencing affec's the prostaglandinE2
dependent cell growth and urokinase-type VCaPcells

NF-«xB PAR1.CCL2.FOS. -PARI1,CCL2,FOS.TLR3. and TLR4 genes Prostate cancerous Wanget al.,2011
Pathwzy TLR3.and TLR4 were up regulated in TMPRSS2-ERG and nermal samples
positive tumors LNCaP cells
-Increased NI-xB—mediated traascription PC3cells

-Inhibition of NF-kB pathway reduced cells
prol:ferationin VCeP

2.5. WNT Signaling in Prostate Cancer

The WNT pathway plays an important role in embryonic development as well as in
tissue and stem cell maintenance in adults (Boyer et al., 2010). The WNT pathway is
linked also to other signaling pathways, including regulation of cell adhesion and cell-
cell contacts mediated via E-cadherin, which binds to B-catenin and sequesters it to the
plasma membrane of the cells (Schmalhofer et al., 2009). The loss of E-cadherin has
profound effects on -catenin sub-cellular localization and signaling activity, and is a
hallmark of EMT, a process involved in aggressive tumor cell behavior and invasion
(Schmalhofer et al., 2009; Cavallaro and Christofori, 2004; Gottardi et al., 2001;
Kuphal and Behrens, 2006; Onder et al., 2008).

AR has been demonstrated to act as a repressor of E-cadherin expression, e.g. by
induction of the SNAII transcription factor, a central player in EMT transitions
(Hoshino et al., 2009; Liu et al., 2008). Continuous activation of WNT-target genes
promotes unrestrained cell growth and cell survival. The WNT pathway and WNT-
activated genes such as c-Myc (Sun et al., 2008) and histone deacetylase 1 (HDAC1)
have been demonstrated to contribute to cancer progression in a wide range of
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epithelial tissues including the prostate, colon, liver, and ovary (Billin et al., 2000). 1)
A specific protein—protein interaction has been identified between B-catenin and AR in
a prostate cancer cell line model (Schweizer et al., 2008) and 2) B-catenin considerably
induces androgen stimulated transcriptional activation. Co-immunoprecipitation
confirmed that the two proteins are together in the same complex, and enhanced f-
catenin-regulated transcription was reported (Schweizer et al., 2008; Truica et al.,
2000). In addition, 3) androgen mediated transcription has been shown to potentiate the
transcriptional activities of Wnt/beta-Catenin signaling, which may contribute to the
development of androgen insensitivity and hormone-refractory prostate cancer
(Schweizer et al., 2008), for which currently no cure exists.

Most of the Wnt proteins bind to cell surface receptors frizzled, and induce dishevelled
family protein which results f-catenin translocation and stabilization in the nucleus and
results in the activation of Wnt target genes (Chen et al., 2003; Hurlstone and Clevers,
2002; Mao et al., 2001; Sagara et al., 2001; Sheng et al., 1998). FZD4 is a WNT
receptor that is located on chromosome 11 and contains 2 exons (Kirikoshi et al.,
1999). FZD4 is upregulated in high grade PIN and cancer cells compared to benign
prostate cells and therefore it could have potential as a diagnostic marker in prostate
cancer (Acevedo et al., 2007). The molecular functions of FZD4 in prostate cancer are
still poorly studied, particularly in TMPRSS2-ERG fusion positive prostate tumor
samples.
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3. AIMS OF THE STUDY

Genomic rearrangement leading to the fusion of the androgen responsive gene,
TMPRSS2, with the oncogenic ETS transcription factor, ERG, is detected in nearly half
of all human prostate cancers. However, the molecular mechanism of the TMPRSS2-
ERG fusion in prostate cancer was still unclear. Thus, the first aim of the study was to
explore the chromosomal rearrangements leading to 7TMPRSS2-ERG gene fusions in
advanced castration resistant prostate tumor samples.

The second aim of the study was to explore the function of the ERG oncogene in
prostate epithelial cell lines, and to elucidate the potential downstream pathways
connected to ERG overexpression in clinical prostate tumors.

In vivo studies have shown PIN formation and integrin 34 up regulation in prostates
with ERG overexpression. However, the role of ERG in cell adhesion and invasion was
still unclear. Thus, the third aim of the study was to explore the role of ERG in
modulating cell adhesion in prostate epithelial cells.

Finding a drug, directly targeting an oncogenic transcription factor ERG is challenging.
Instead, targeting its downstream pathways might provide an alternative way to treat
ERG positive prostate cancer patients. As such, our fourth aim was to find a small
molecule compound that inhibits the growth of TMPRSS2-ERG positive prostate
cancer cells.
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4. MATERIALS AND METHODS

4.1. Tissue Samples and Cell Lines (I, I1, IIT)

Prostate cancer samples were obtained from the Department of Pathology, Turku
University Hospital, Finland as freshly frozen samples with subsequent knowledge of
the cancer grade. The study methods were approved by the ethical committee of
University of Turku, Finland and informed consent of the patients was obtained. The
frozen tissue blocks were sectioned (4-6um) and stored at -80 °C. The immortalized
prostate cell lines RWPE1, LnCaP, VCaP, and DuCaP were purchased from the
American Type Culture Collection (ATCC) and grown in RPMI medium with
appropriate substituents.

4.2. Gene Copy Number and Expression Data (aCGH) (I)

From the clinical samples, RNA was extracted by TRIzol (Invitrogen) and LiCl /urea
using standard protocols. Copy number and expression levels for the ERG, TMPRSS?2,
ETV4, and ETV1 loci were obtained by integration of genome-wide data from the same
samples. Human genome CGH 44A and 44B oligonucleotide Microarrays were used
for array-based CGH. GeneChipscanner (Affymetrix) was used for scanning after the
staining. A more detail protocol is described in the materials and methods section of
article I.

4.3. In Silico Analysis of ERG Target Genes (I)

To identify the prospective ERG target genes, gene expression data from 410 human
prostate tissue samples, including normal (178) and tumors (232) were assembled.
Then, the patterns of ERG co-expressed genes were analyzed by using four different
methods. DAVID GO analysis tool (DAVID Bioinformatics) and gene set enrichment
analysis (GSEA, MIT and Harvard, USA) were used to elucidate biological processes
(as described in the materials and methods section of article I).

4.4. GFP-ERG and GFP-FZD4 Expression Constructs (I, IT)

The full length ERG cDNA was PCR amplified, using ORF clone from Origene Inc., (#
SC108516) (article I materials and methods) as a template. The GFP-FZD4 expression
construct was obtained from Origene (RG217286). FuGENE-6 (Roch) and
Lipofectamine 2000 (Invitrogen) transfection reagents (Roche) were used for
transfections.
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4.5. Western Blotting (II, I1I)

GFP (1:1 000, rabbit polyclonal, A11122, Molecular Probes), ERG (1:1 000, rabbit
polyclonal, SC-353, Santa Cruz), and FZD4 (1:1 000, goat polyclonal, SC-66450,
Santa Cruz) antibodies were used for Western blotting. Antibodies against HSPAS (heat
shock protein 70 kDa, 1:1000, rat monoclonal, SPA-815, Stressgen) and [B-Actin
(1:1,000, mouse-monoclonal, Becton Dickinson) were used as the internal controls in
the Western blot analyses (article 11, materials and methods).

4.6. siRNA and Lentiviral shRNA Silencing of ERG in VCaP Cells (11, III)

The most efficient siRNAs against ERG (S103089443, Qiagen), FZD4 (SC-39983,
Santa Cruz) as well as a scrambled siRNA (1027310, Qiagen) were transfected using a
Lipofectamine 2000 reagent. To make stable VCaP cells with reduced FRG mRNA
expression, the ERG and scrambled shRNA Lentiviral Particles (Mission/Sigma) with a
titer of > 10° TU/ml were used to infect VCaP cells. Subsequently, stable VCaP clones
were selected using puromycin (2pg/ml) (article II, materials and methods).

4.7. Cell Adhesion Analysis (II, IIT)

The plates were coated with laminin (LAM), fibronectin (FN), or collagen I (COL 1)
(0.5 pg/ml) overnight, and blocked with 0.1% BSA. ERG siRNA, scrambled siRNA, 4-
CMBC or DMSO treated VCaP cells were trypsinized and collected and 0.2% soybean
trypsin inhibitor was used to inhibit the trypsin effect. Cells were allowed to attach for
the indicated time and stained with PI. The attached cells were counted by using
Acumen Explorer at 0, 5, 10, 20, and 30 min time points (article II, materials and
methods).

4.8. Quantitative Real-Time PCR Analysis (II, IIT)

We used a standard quantitative real-time PCR analysis protocol which is described in
the article II, in the materials and methods section.

4.9. Fluorescence Activated Cell Sorting (FACS) Analysis (11, IIT)

FACS analysis of VCaP cells with stable ERG knockdown, or scrambled shRNA
expression was performed by using antibodies against active Pl-integrin (active 1
subunit-containing integrins; ab12G10, anti-mouse, monoclonal, Abcam) and E-
cadherin (ab 1416, anti-mouse, monoclonal, Abcam). The cells were incubated in
1:1500 dilutions of the antibodies overnight at +4°C, and Alexa 647 labeled secondary
antibodies (1:2000) were used ( incubation for 60 min at room temperature). To detect
the signal PI was used for cell cycle analysis of 4-CMBC treated VCaP cells. An
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Accuri C6 Flow Cytometer was used to measure the mean fluorescence intensity
(article II, materials and methods).

4.10. Illumina Array and Bioinformatics Analysis (I, I1I)

The genome-wide gene expression analysis is explained in detail in article II. Total
RNA was isolated from 1) GFP or GFP-ERG transfected RWPEL cells, 2) cells
transfected with ERG siRNA, ERG 214shRNA, and 3) 4-CMBC treated VCaP cells in
duplicate. RNA was applied for [llumina human Ref-8 v2.0 & 3.0 expression bead chip
and MetaCore analytical suite version2.0 (GeneGo) software was used for biological
process and network analyses. The raw data of the illumina array analysis was
deposited in the GEO database (GSE16671 and GSE23357).

4.11. Confocal Microscopic Imaging (11, III)

For immunostaining and confocal microscopy, 1) scrambled, ERG or FZD4 siRNA
treated VCaP cells, as well as 2) stable sShRNA or ERG shRNA expressing VCaP cells,
3) GFP, GFP-ERG and GFP-FZD overexpressing VCaP cells, as well as 4) 4-CMBC
and DMSO treated VCaP cells were grown on coverslips. The primary antibodies
recognizing ERG (1:100, rabbit polyclonal, SC-353, Santa Cruz), FZD4 (1:100, goat
polyclonal, SC-66450, Santa Cruz), active Bl-integrin-12G10 (1:200), total B1-
integrin-P5D2 (1:200, anti-mouse, monoclonal, Abcam), E-cadherin (1:200) and
Vimentin (1:100, SC6260, anti-mouse, monoclonal, Santa Cruz) were used for
immunostaining. Alexa 488, Alexa 555, and Alexa 647 conjugated secondary
antibodies (1:500 dilutions in PBST) were used for detection. DAPI (H-1200, Vector
laboratories) was used to visualize the nucleus. Microscopy was done by using
confocal laser scanning microscope (LSM510, 63X with oil) and images were analyzed
by ImagelJ software (Collins, 2007) (article I, materials and methods).

4.12. Immunohistochemical Analysis (II)

Five ERG positive, 5 ERG negative and 2 normal prostate tissue specimens were used
for immunohistochemistry. Six pm thick frozen sections were used for
immunohistochemistry. Affinity purified IgG against human ERG (SC-353, Anti rabbit,
Santa Cruz, 1:100, also used in WB) and FZD4 (1:100, also used in WB) were diluted
with TBS-buffered 1% BSA, and the slides were incubated with the primary antibodies
overnight. Biotinylated anti-goat secondary antibodies were used at room temperature
for 30 minutes. Olympus BX50 microscope (Olympus Corporation), Nikon ACT-1
(Version 2.62, Nikon Corporation 2000) software and Digital Camera DXM1200 (A.G.
Heinze, Inc.) were used for imaging and analysis (article II, materials and methods).
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4.13. Cell Titer-Glo (CTG) Assay (11, IIT)

4-CMBC or DMSO treated VCaP cells were incubated for 72 hrs at 37°C in 5% CO,
incubator. CellTiter-Glo (CTG) (G7570, Promega) was added into each well and
incubated for 30 minutes at room temperature on a shaker. The luminescence signal
was then measured using EnVision Multilabel plate reader (PerkinElmer) to analyse
the proportion of viable cells per well.

4.14. Reporter Assay (11, III)

TCF/LEF-GFP Reporter (CCS-018G, SABioscience) was used to measure the WNT
signaling activity in response to ERG or FZD4 modulation or 4-CMBC treatment in
RWPEL1 and VCaP cells. All experiments included transfection with a negative control
plasmid (GFP reporter construct with a minimal promoter) and a positive control
(GFP) to quantitate background and confirm the transfection efficiency. To measure
WNT activity, 200 ng 7TCF-LEF reporter was used per well. Transfections or
compound exposers were done in triplicate and measured 48 and 72h later by the
Acumen Explorer ™. GraphPad Prism4 software was used to plot the results (article II,
materials and methods).

4.15. p1-Integrin Internalization Assay (IIT)

Integrin internalization assay was done as explained previously (Ivaska et al., 2002;
Roberts et al.,, 2001) with a few modifications. Pl-integrin internalization was
performed in 1) ERG, FZD4 and scrambled siRNAs transfected VCaP cells, 2) GFP,
GFP-ERG and GFP-FZD4 overexpressing cells, and 3) 4-CMBC and DMSO treated
VCaP cells at 48 hrs time point. The amount of internalized biotinylated integrin was
assayed by immunoprecipitation using anti-Bl-integrin (1:1000, P5D2, anti mouse,
Abcam), and anti-EGFR (1:1000, LA1, anti mouse, Upstate) antibodies. The HRP-
conjugated anti-biotin antibody (1:1000, cat-7075, Cell Signaling) was used as a
control to visualize total biotinylated integrin. The total Bl-integrin and EGFR were
visualized by Western blotting using Bl-integrin (1:1000, P4G11, ab78502, anti-
mouse, Abcam) and EGFR (1:1000, 2232, anti rabbit, Cell Signaling) antibodies,
respectively (article ITI, materials and methods).
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5. RESULTS AND DISCUSSION

5.1. TMPRSS2 and ERG Oncogene Fusion (I)

Genomic rearrangement involving the androgens controlled 7MPRSS2 gene and
oncogenic transcription factor ERG has been identified in more than half of solid
prostate tumors (Tomlins et al., 2005). To visualize the genomic rearrangement of
TMPRSS2-ERG, we performed a comparative genomic hybridization (aCGH)
experiment in prostate cancer samples. The aCGH results showed the presence of the
interstitial deletions between TMPRSS2 and ERG loci, resulting to TMPRSS2-ERG
gene fusions in clinical prostate cancer samples. Accordingly, ERG was upregulated in
the TMPRSS2-ERG gene fusions positive clinical samples. TMPRSS2 and ERG are
located in the same chromosomal strand 21 and the closeness of the two genes (~ 2.8
Mb) may facilitate the fusion gene formation in prostate cancer (I, and figure 2
therein). The TMPRSS2-ERG fusion, was the most common genetic alteration we
identified by array-CGH in prostate cancer specimens. Two micro deletions at
TMPRSS2 and ERG loci were also identified in one of the prostate tumor patient
samples, which indicate that more complex genetic rearrangement may cause gene
fusion in this prostate cancer patient (I, and figure 2 therein).

5.2. Co-expression and Co-localization of ERG, AR, and HDACI1 (I)

Histone deacetylases is a group of enzymes that catalyze the elimination of acetyl
groups from lysine residues in histones and non-histone proteins. Histone deacetylation
is a characteristic feature in epigenetic repression of transcription, and is involved in
transcriptional regulation of cell cycle progression (Taunton et al., 1996). In our study,
in vivo co-expression analysis was performed in normal prostate and prostate cancer
samples using multiple statistical methods in order to find ERG-associated genes and
biological processes. HDACI was most consistently among the top ERG co-expressed
genes in our analysis (I, and figure 3, there in left panel A). Furthermore, HDACI
mRNA expression was measured by RT-PCR in TMPRSS2-ERG positive and negative
prostate cancer samples. Taken together, we found that HDAC1 was overexpressed in
hormone-refractory prostate cancers and it is co-expressed with ERG in prostate tumor
samples (I, and supplementary figure 2 therein). However, the molecular mechanism of
HDACI overexpression in TMPRSS2-ERG positive tumors is not well understood. One
study has shown evidence that ERG interacts indirectly with HDAC1 via SETDBI1
methyl transferase (Yang et al., 2002; Yang et al., 2003).

For pathways analysis, gene set enrichment analysis (GSEA) was performed in 410
human prostate samples, including normal tissues and tumors. As a result, we observed



Results and Discussion 25

that the WNT pathway was upregulated, and HDAC target genes and cell death
pathways were down regulated in ERG positive tumors samples (I, and figure 4
therein). Since HDAC1 was overexpressed and its target genes downregulated in ERG
positive cancers, we hypothesized that ERG positive prostate tumors may benefit from
epigenetic therapy by HDAC inhibitors. To validate this hypothesis, we treated ERG
positive VCaP and DuCaP cells with a 30 nM concentration of a HDAC inhibitor,
trichostatin A. According to the hypothesis, both VCaP and DuCaP cells responded
strongly to this treatment (I, and supplementary figure S3 therein, Bjorkman et al.,
2008). Whereas, ERG negative prostate cancer cells and non-malignant prostate
epithelial cells were not that sensitive. Interestingly, Androgen removal further
potentiated the growth inhibitory and pro-apoptotic effects of HDAC inhibitors in
TMPRSS2-ERG positive VCaP cells (Bjorkman et al., 2008).

Next, to understand the putative interactions among ERG, AR, and HDACI,
immunostaining of ERG, AR, and HDAC1 was performed in VCaP cells. The laser
scanning microscopic images indicated that ERG was mostly co-localized with AR and
HDACI1 within the nucleus (Fig. 2). In silico protein-protein and transcription network
analyses (pSTIING, http://pstiing.licr.org/) showed that ERG, AR and HDACI are in
the same protein-protein and transcriptional networks. These preliminary results might
suggest a link among ERG, AR and HDACI1 which may cause prostate cancer
progression requires further studies.

ERG+HDACI

Merged

Figure 2: Co-localization study of ERG, AR, and HDACI1 in VCaP prostate cancer cells. AR,
HDACI1 and ERG expression was studied in TMPRSS2-ERG positive VCaP prostate cancer
cells using immunofluorescence staining. Confocal images were analyzed by using the ImageJ
program. All the proteins were localized in the nucleus. DAPI staining was used to locate the
nucleus. The yellow color in the merged image shows the co-localized proteins.
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5.3. ERG Regulates Cell-Matrix and Cell-Cell Adhesions (II)

To explore ERG overexpression-related phenotypic changes in prostate cancer cells,
knockdown experiments were performed. In particular, we aimed to study tumor cell
growth, morphology, invasive properties, and cell motility. Thus, five different ERG
shRNA or scrambled control shRNA expressing lentiviruses were used to generate
stable VCaP cells with puromycin selection. The knockdown of ERG was confirmed
by quantitative RT-PCR and Western blot analyses. For transient FRG knockdown, the
silencing capabilities of 10 different siRNAs targeting ERG were tested in VCaP cells.
The results indicated that one of the siRNAs was much more effective than the others
in reducing ERG mRNA and protein levels in VCaP cells (I, and figure 1 therein).
VCaP cells stably expressing ERGshRNA or transiently transfected with potential ERG
siRNA formed round cell clusters on culture dish. Our studies indicated that stable
knockdown of ERG dramatically increased cell adhesion. Therefore, we studied
whether these changes were due to ERG silencing induced alterations in the key
regulators of cell-cell adhesion. The immunostaining results indicated that ERG
knockdown upregulated active f1-integrin and E-cadherin expression in VCaP prostate
cancer cells (II, and figure 2 therein). To study the cell adhesive properties of the VCaP
cells after ERG knockdown, we performed adhesion assays using plates coated with
different ECM components. The results indicated that ERG silencing increased cell-
matrix adhesion in response to 10 minute incubation (II, and figure 1 therein) which
supports the idea that ERG drives increased invasion in TMPRSS2-ERG positive
prostate cancer. The loss of E-cadherin is a prerequisite of EMT, a process associated
and, /or contributing to aggressive tumor behavior, invasion, and metastasis (Lee et al.,
2006). There is relatively little information available concerning the role of E-cadherin
loss and prostate cancer. It has been revealed that activated AR is a repressor of E-
cadherin. Although this remains as poorly understood mechanisms, AR may promote
metastasis also through this process (Liu et al., 2008). Our results showed that ERG
downregulates E-cadherin expression which is a central player in EMT transitions, and
this may explain the invasive behavior of the TMPRSS2-ERG positive cells in prostate
cancer.

5.4. Pathway Analysis in ERG +/- VCaP Cells (II)

In order to study transcriptional effect of ERG modulation, RNA was extracted from
ERG overexpressed RWPEI cells, and from the VCaP cells with the silenced ERG with
appropriate controls, and the RNA was hybridized in duplicate on Illumina bead arrays.
Normalized data from both experiments were compiled and further analyzed in detail,
using gene set enrichment analysis (GSEA), various clustering methods and the
MetaCore / GeneGo software (www.genego.com). The MetaCore gene ontology and
pathway analysis revealed a number of relevant pathways affected by ERG
overexpression in normal prostate epithelial RWPE1 cells, and after ERG knockdown
in VCaP prostate cancer cells. The WNT pathway was among the top biological
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processes altered in response to £ERG modulation (activated by ERG overexpression
and down-regulated in ERG knockdown). This result is in accordance to in silico
analysis of co-expression pattern in clinical cancer. The results indicated that the WNT
pathway is more strongly activated in the ERG positive tumors, as compared with the
ERG negative tumors or normal tissues samples. In addition, there were several other
biological processes or pathways such as Notch-signaling, angiogenesis, stress and
immune response, proliferation, and cell cycle that came up as being tied to ERG
function, in both the overexpression and knockdown analyses.

5.5. In Silico Analysis and Clinical Validation of WNT Signature (II)

A more focused and systematic follow up analysis of genes involved in the WNT
pathway was performed in silico, and identified 226 Wnt pathway genes from the
Biocompare database (http://gspd.biocompare.com/) and studied which of these genes
were positively associated with the ERG which shows an outlier gene expression in
prostate cancer (a subset of prostate cancer samples exhibiting a high expression
profile which is different from the rest of the samples) (Kilpinen et al., 2008). The GTI
algorithm was used, which is equivalent to the COPA (cancer outlier profile analysis)
algorithm (Mpindi et al., 2011; Tomlins et al., 2005). In agreement with our previous
study, HDAC1 was one of the genes with the highest association with ERG positivity
in the analysis. Guanine nucleotide binding protein (G protein), alpha inhibiting
activity polypeptide 1 (GNAI1) was another gene closely associated with ERG
expression in correlation analysis. FZD4 was the third interesting gene among the top
WNT pathway genes correlating with ERG. We did not see any change in GNAI1
expression in our ERG modulations experiments. FZD4 was one of the consistent
differentially expressed genes in both ERG silenced and overexpressing VCaP and
RWPEI cells, respectively. Top 20 WNT genes with the strongest co-expression with
ERG are listed in the article II and supplementary table 6 therein. Additionally, we
analyzed the correlations between ERG, WNT pathway genes, and markers for
epithelial and mesenchymal differentiation in the IST “In Silico Transcriptomics”
microarray database (www.genesapiens.org). This analysis consisted of 496 Affymetrix
gene expression profiles from clinical samples (including normal prostate and cancer).
A significant correlation was confirmed for the expression at WNT pathway genes and
the ERG positivity in prostate tumors but not in normal samples (II, and figure 3
therein).

The putative involvement of induced WNT signaling in the epithelial mesenchymal
transition was studied by analyzing the co-expression pattern with epithelial and
mesenchymal marker genes. As a result, FRG expression was found to be associated
with increased expression of WNT pathway genes, as well as mesenchymal markers
(such as N-cadherin and OB-cadherin), and with decreased expression of epithelial
marker genes (such as the basal cytokeratins keratin 5 and keratin 14), and the luminal
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keratins- keratin 7 and keratin 18. These results match well with the profiles we
observed in the in vitro experiments, and strongly suggest the role of ERG in regulating
WNT signaling, and activating EMT both in vitro in cell line model systems and in
vivo in clinical tumors. In concordance with our previous study (article I) we observed
that activation of FRG may guide epigenetic reprogramming, increased WNT
signaling, and the suppression of cell death pathways, confirming the role of ERG with
therapeutic significance. We validated the 15 top-ranked ERG co-expressed genes
involved in WNT signaling by gqRT-PCR in our set of sixteen ERG+ (9) and ERG- (7)
prostate cancer samples. For most of these, we were able to validated significantly
higher expression of the WNT pathway components in the ERG positive specimens as
compared with ERG negative tumor samples. As an example, protein kinase D1 that
interacts with E-cadherin and is involved in cell invasion and motility, was upregulated
in ERG positive prostate cancers (Jaggi et al., 2005).

5.6. Co-expression Study of ERG and FZD4 (II)

The WNT pathway was one of the few systematically altered signaling pathways in the
ERG modulation experiments, according to bioinformatics analysis by GSEA,
MetaCore, and GeneGo pathway analyses. For example, in the ERG-GFP-transfected
cells, FZD4 and DAB2 were upregulated and DKK/ downregulated. In contrast,
AXIN2, CCNDI, FRAPI, LEFI, and PPPICB were all upregulated in the permanent
ERG-shRNA expressing VCaP cells, while FZD4, COL4A5, MAPK13, B1-catenin and
UPAR were downregulated. To summarize, FZD4, a WNT receptor, was one of the
consistently differentially expressed genes in response to ERG modulation experiments
in vitro in prostate cells, and was, thus, studied in detail in functional experiments
(Fig.3). Quantitative RT-PCR validation of FZD4 mRNA expression showed that
FZD4 was significantly upregulated in all ERG positive prostate tumor samples, but
was low in ERG negative tumors. FZD4 was silenced by using siRNA to study its role
in cell-cell contacts in VCaP cells. As a result, we observed that FZD4 siRNA
knockdown increases active Pl-integrin and E-cadherin expression in VCaP cells
similarly as observed in ERG silencing (II, and figure5, there in panel A and B). We
have also observed that FZD4 silencing downregulates ERG expression in VCaP cells.

E-cadherin mediated cell-cell contact is important for the preservation of embryonic
epithelia, and architecture of epithelial tissues (Burdsal et al., 1993; Riethmacher et al.,
1995; Wheelock and Jensen, 1992). Fibroblast-like properties, decreased cell-cell
contact, and loss of E-cadherin are the common characteristics of EMT, and loss of E-
cadherin is one of the key features in cancer invasion (Birchmeier et al., 1991; Hajra et
al., 1999). Transcription factors SNAI1/SNAI2 are well studied in loss of E-cadherin
expression (Batlle et al., 2000; Bolos et al., 2003). Therefore, we also measured the
SNAII/SNAI2 mRNA expressions in ERG modulated prostate cells, and the data
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indicated an increased SNA/I and SNAI2 expression, confirming the link between the
ERG expression and increased WNT signaling and EMT.
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Figure 3. Cell adhesion and WNT signaling in TMPRSS2-ERG positive prostate cancer cells.
In the presence of Wnt ligands, Wnt proteins bind to frizzled receptor which activates
dishevelled, resulting -catenin split-up from the APC complex. Next, -catenin accumulates in
the nucleus and mediates transcription of its target genes (Amit et al., 2002; Sakanaka et al.,
1999; Willert et al., 1997). In our study, we observed that ERG is co-overexpressed with FZD4.
FZD4 was upregulated in our ERG overexpression study in RWPE1 cells and downregulated in
ERG impaired VCaP cells. FZD4 is the receptor for Wnt family ligands and play important role
in Wnt signaling pathway (Malbon, 2004). Overexpression of FZD4 could be one mechanism
for the WNT pathway activation in ERG positive prostate cancer samples. There were also
other Wnt associated genes, which were differentially expressed in response to ERG
modulation. Loss of E-cadherin is one of the common characteristics of cancer invasion
(Birchmeier et al., 1991; Hajra et al., 1999). Cell-cell adhesion also depends on the interactions
between the cadherins and catenins interactions (Goodwin and Yap, 2004). It has been also
observed that E-cadherin binds to B-catenin and prevents nuclear accumulation of B-catenin in
colon carcinoma cells (Orsulic et al., 1999). In our study, we observed the downregulation of -
catenin expression in the ERG knockdown VCaP cells. The downregulation of E-cadherin could
be one cause for WNT signaling activation in ERG positive prostate cancer (figure adapted
from http://atlasgeneticsoncology.org/Deep/WNTSignPathID20042.html).
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5.7. ERG and FZD4 Induces WNT Signaling (II)

To confirm the induced WNT signaling as a result of ERG overexpression, a T-cell
factor / lymphoid enhancer factor reporter assay was performed in ERG overexpressing
RWPEI cells, and in the ERG silenced VCaP cells at different time points. The results
indicate a significant increase in WNT activity in response to £FRG upregulation, and
vice versa in in FRG impaired VCaP cells. To find out if FZD4 affects WNT signaling
in prostate cancer cells, TCF/LEF activity was measured in FZD4 silenced VCaP cells.
The results indicated that FZD4 siRNA knockdown decreased WNT activity in VCaP
cells (I, and figure 6 therein). To confirm our hypothesis that FZD4 mediates the effect
of ERG, FZD4 overexpression study was performed in VCaP cells together with ERG
knock down using siRNAs. The results confirmed that FZD4 overexpression reversed
the effect of ERG knockdown on WNT activity in VCaP cells (11, and figure 6 therein).
Finally, we showed ERG-mediated oncogenesis via FZD4 involving WNT signaling
activation in prostate cancer.

5.8. 4-CMBC Inhibits WNT Signaling (I1I)

4-CMBC is a chemical that is used as a building block in the solid-phase synthesis of
Imatinib (Francesco et al., 2007; Sigma Aldrich, 270784). It is well known that
Imatinib downregulates WNT signaling in different types of cancer (Rao et al., 2006),
but there is no information whether imatinib in TMPRSS2-ERG fusion positive prostate
tumor samples. We measured the WNT signaling activity using TCF/LEF-GFP
reporter assay on VCaP cells treated with 4-CMBC at different time points. The results
indicated that 4-CMBC treatment for 48 h, at 10 uM concentration, decreased WNT
activity in VCaP cells. We observed that 4-CMBC inhibits WNT signaling in
TMPRSS2-ERG positive VCaP cells. To see the effect of 4-CMBC on ERG and FZD4
expression, we performed qRT-PCR and immunoblotting in 4-CMBC-treated VCaP
cells with antibodies against ERG and FZD4 after a 48 h treatment. As a result, we
found that 4-CMBC down regulates ERG and FZD4 both at mRNA and protein level
significantly (III, and figure 3 there in panel A to D). Finally, based on the above
findings, 4-CMBC could be used to inhibit the carcinogenesis in TMPRSS2-ERG
positive prostate tumors (Fig. 4).
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Figure 4. Mechanism of 4-CMBC inhibition of prostate cancer cell growth. 4-CMBC treatment
on VCaP cells down regulates ERG and FZD4 at mRNA and protein level expression. ERG and
FZD4 activate WNT signaling activation, and thus, 4-CMBC inhibits the WNT signaling in
VCaP cells. 4-CMBC exposure activates E-cadherin and B1-integrin, resulting to increased cell-
cell and cell-matrix adhesion in VCaP cells. In conclusion, 4-CMBC is a candidate molecule to
inhibit prostate cancer progression in 7TMPRSS2-ERG positive tumors.

4-CMBC

5.9. Gene Expression Analysis of 4-CMBC-treated VCaP (III)

Genome wide expression analysis was carried out using illumina bead arrays in 4-
CMBC-treated VCaP cells at different time points. The MetaCore / GeneGo pathway
analysis revealed that cell adhesion and the WNT pathway were the most
systematically altered signaling pathways in the 4-CMBC-treated VCaP cells.
Furthermore, the genes implicated in the cell adhesion (CCL2, ILS, SERPINE2, PI3K
REGclasslA) were downregulated and PIPKIy, vinculin, actins, RACI, Rock, and
ARP1/3 upregulated. The genes involved in WNT signaling such as Wnt, nucleolin,
frizzled receptors were downregulated and GSK3beta, vinculin, MRLC, ERK2?
(MAPK1/3), actins and cRAF I, upregulated. It could be interesting to study the above
mentioned downregulated genes which might be associated with WNT signaling
activation and cell adhesion suppression in ERG positive prostate cancer. There were
some genes, such as CCL2, and WNT which came across in the 4-CMBC treatment of
VCaP cells, that were also observed in our previous in silico gene set enrichment
analysis of prostate cancer samples (I, and supplementary table 6 therein). Finally, gene
set enrichment analysis of differentially expressed genes in 4-CMBC treatment and
ERG silencing resulted in similar phenotypes in VCaP cells.

5.10. p1-integrin Internalization in VCaP Cells (I1I)

We further explored phenotypic changes in VCaP cells in response to 4-CMBC. In our
previous study, we had observed that ERG silencing in VCaP cells resulted in round
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cell clusters that were strongly adherent to cell culture plates. In the present study, we
observed that also 4-CMBC-treated VCaP cells formed more rounded structures in
comparison to control VCaP cells. Our results indicated that these changes were due to
upregulation of active B1-integrin and E-cadherin that are known regulators of cell-cell
adhesion. This might explain the dramatically increased cell adhesion properties
detected in 4-CMBC-treated VCaP cells. The cell- matrix adhesion in 4-CMBC-treated
VCaP cells was studied more specifically by using several extracellular matrix (ECM)
proteins that bind Bl-integrins. In these studies, the VCaP cells exposed to 4-CMBC
were found to bind strongly to laminin, collagen I, and fibronectin extracellular matrix
(111, and figure 4 therein).

Integrin heterodimers are repeatedly internalized and rapidly recycled (endo-exocytic
cycle) to the cell surface (Bretscher, 1992). Integrins mediate ECM adhesions and
regulate key biological processes, such as angiogenesis, differentiation, proliferation,
apoptosis, and migration (Hynes, 2002; Naylor et al., 2005; Reddig and Juliano, 2005).
Intracellular integrin traffic also regulates cell migration (Caswell and Norman, 2006)
and invasion (Caswell and Norman, 2008). To study the role of ERG in B1-integrin
trafficking, we performed a Pl-integrin internalization assay (Ivaska et al., 2002;
Roberts et al., 2001) in the VCaP cells. We performed the experiments using ERG
siRNA or scrambled siRNA, and 4-CMBC and DMSO treated VCaP cells and studied
the surface labeled B1-integrin at different time points (0-20 min). The results indicated
that ERG silencing and 4-CMBC treatment significantly increased [1-integrin
internalization (III, and figure 1 and 6 therein). To check the specificity to integrins,
EGFR internalization in ERG silenced VCaP cells was performed. As a result, we did
not observe any significant changes in EGFR internalization (III, and supplementary
figure 1). Overall, our results confirm that ERG silencing increases cell-cell adhesion
due to increased Pl-integrin internalization in VCaP cells, which might explain the
increased cell invasion and motility in TMPRSS2-ERG positive prostate tumors.
Finally 4-CMBC, which is linked to mesenchymal to epithelial transition (MET),
suggest to provide a new approach to target ERG positive prostate tumors.
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6. CONCLUSION

In the present study, we showed that TMPRSS2-ERG gene fusion overexpression in
prostate cancer patients is due to unbalanced genomic alterations. ERG is co-expressed
with HDACI, and activates several biological processes, such as epigenetic
reprogramming and WNT signaling, and suppresses cell death pathways in prostate
cancer. Therefore, ERG might be used as a potential therapeutic target in prostate
cancer treatment. Our study also confirmed that TMPRSS2-ERG positive prostate
cancer patients could benefit from HDAC inhibitors (epigenetic therapy), and with
other combinational approach such as androgen-deprivation therapy.

We found that ERG silencing promotes cell adhesion via the regulation of f1-integrin
endocytosis, inducing E-cadherin expression, as well as decreasing WNT signaling.
Moreover, several other pathways were identified, and could provide novel targets to
inhibit ERG drive oncogenesis in prostate cancer. This study suggests that it may be
possible to target downstream signaling events specifically, such as WNT signaling, for
ERG positive prostate cancer treatment.

We also observed that FZD4 is co-overexpressed with ERG in prostate cancers. The
phenotypic alterations after FZD4 modulation mimicked those detected by ERG
modulation in the VCaP prostate cell line model. Similarly to ERG, FZD4 activates
WNT signaling in VCaP cells.

Our study also provides a novel mechanism, regulation of Bl-integrin endocytosis in
TMPRSS2-ERG positive cells, by which ERG overexpression may increase cell
invasion and promote prostate carcinogenesis.

Finally, we identified a compound, 4-CMBC that inhibited WNT activity, ERG and
FZD4 expression in TMPRSS2-ERG positive VCaP cells, and should, thus, be studied
further as a putative compound for the treatment of TMPRSS2-ERG positive prostate
cancer. Further studies are required to study the growth inhibitory potential compounds
in in vivo.



34 Acknowledgements

7. ACKNOWLEDGEMENTS

I would like to express my greatest appreciation and gratitude for my supervisor Prof.
Olli Kallioniemi for the precious assistance and guidance during 2006- 2010. Thank
You for giving me opportunity to be a part of your scientific group and for providing
me all possible support that made my PhD possible. Thank You for being a great boss.

I especially would like to thank my thesis committee supervisor Prof. Roland
Grafstrom, Institute of Environmental Medicine (IMM) Karolinska Institute, Sweden
and Dr. Kristiina Iljin, VTT Medical Biotechnology, Turku, Finland. Thank you again
Kristiina for your great assistance, all suggestions and encouragement I received which
helped me to move ahead.

I especially would like to thank my thesis reviewers Professor Matti Poutanen and Dr.
Antti Sakari Rannikko for their great comments.

I would like to thank especially to Dr. Kirsi-Marja Oksman, Dr. Harri Siitari, Dr.
Johanna Ivaska, Dr. Matthias Nees, Dr. Merja Perélé, and Dr. Marko Kallio for their
kind support.

Many thanks to all the VIT Medical Biology personnel and co-authors for their kind
supports during my PhD thesis. I also thanks to Auli Raita, Miina Aro, Petra Laasola, Jenni
(I-IV), Heidi Sid, Pirjo, Pauliina, Johannes Virtanen, Susanna Rosas, Terhi Jokilehto, Riina
Plosila and all the staff members at the VTT for their assistance in the lab.

Many thanks to Outi Irjala and Riitta Paju for their kind help at administrative office.

I wish to thank all my Indian friends Mohan Babu, Durga Devi, Dr. Sunil Raghav, Dr.
Bhavna Gupta, Dr. Jayanta Baral, Sarmistha Baral, Gurvinder Singh, Dr. Mahesh
Reddy, Rohini Reddy, and Subash Tripathi for their support and company.

I owe my loving thanks to my wife Dr. Shweta Gupta and our little angel Gargi Gupta
for their support inside and outside home. I would like to thank my father, mother and
brother in law for their support.

My special gratitude is due to my younger brother Ashutosh Gupta, my sisters Gyatri
Gupta and Sarita and their families for their loving support. Finally all my work
dedicated to my parents Dashrath Gupta and Gyanmati Gupta.

I would like to thank Academy of Finland Center of Excellence program, Marie Curie
Canceromics, Sigrid Juselius Foundation, Finnish Cancer Society, EU-PRIMA, and
EU-FP7 Epitron for their valuable financial support during the time of my PhD.

Turku June 201 1 @//,éé(

‘Gupta Santosh



References 35

8. REFERENCES

Acevedo VD, Gangula RD, Freeman KW, Li R,
Zhang Y, Wang F et al. (2007). Inducible FGFR-1
activation leads to  irreversible  prostate
adenocarcinoma and an epithelial-to-mesenchymal
transition. Cancer Cell 12: 559-571.

Amit S, Hatzubai A, Birman Y, Andersen JS, Ben-
Shushan E, Mann M et al. (2002). Axin-mediated
CKI phosphorylation of beta-catenin at ser 45: A
molecular switch for the wnt pathway. Genes Dev
16: 1066-1076.

Ananthanarayanan V, Deaton RJ, Yang XJ, Pins MR,
Gann PH. (2005). Alpha-methylacyl-CoA
racemase (AMACR) expression in normal prostatic
glands and high-grade prostatic intraepithelial
neoplasia (HGPIN): Association with diagnosis of
prostate cancer. Prostate 63: 341-346.

Attard G, Clark J, Ambroisine L, Fisher G, Kovacs G,
Flohr P et al. (2008). Duplication of the fusion of
TMPRSS2 to ERG sequences identifies fatal
human prostate cancer. Oncogene 27: 253-263.

Attard G, de Bono JS, Clark J, Cooper CS. (2010).
Studies of TMPRSS2-ERG gene fusions in
diagnostic trans-rectal prostate biopsies. Clin
Cancer Res 16: 1340.

Balk SP, Ko YJ, Bubley GJ. (2003). Biology of
prostate-specific antigen. J Clin Oncol 21: 383-
391.

Bassuk AG, Leiden JM. (1997). The role of ets
transcription factors in the development and
function of the mammalian immune system. Adv
Immunol 64: 65-104.

Basuyaux JP, Ferreira E, Stehelin D, Buttice G.
(1997). The ets transcription factors interact with
each other and with the c-Fos/c-jun complex via
distinct protein domains in a DNA-dependent and -
independent manner. J Biol Chem 272: 26188-
26195.

Batlle E, Sancho E, Franci C, Dominguez D, Monfar
M, Baulida J et al. (2000). The transcription factor
snail is a repressor of E-cadherin gene expression
in epithelial tumour cells. Nat Cell Biol 2: 84-89.

Behrens P, Rothe M, Wellmann A, Krischler J,
Wernert N. (2001). The ets-1 transcription factor is
up-regulated together with MMP 1 and MMP 9 in
the stroma of pre-invasive breast cancer. J Pathol
194: 43-50.

Billin AN, Thirlwell H, Ayer DE. (2000). Beta-
catenin-histone deacetylase interactions regulate
the transition of LEF1 from a transcriptional
repressor to an activator. Mol Cell Biol 20: 6882-
6890.

Birchmeier W, Behrens J, Weidner KM, Frixen UH,
Schipper J. (1991). Dominant and recessive genes
involved in tumor cell invasion. Curr Opin Cell
Biol 3: 832-840.

Bjorkman M, Iljin K, Halonen P, Sara H, Kaivanto E,
Nees M et al. (2008). Defining the molecular
action of HDAC inhibitors and synergism with
androgen deprivation in ERG-positive prostate
cancer. Int J Cancer 123: 2774-2781.

Bolos V, Peinado H, Perez-Moreno MA, Fraga MF,
Esteller M, Cano A. (2003). The transcription
factor slug represses E-cadherin expression and
induces epithelial to mesenchymal transitions: A
comparison with snail and E47 repressors. J Cell
Sci 116: 499-511.

Bostwick DG, Brawer MK. (1987). Prostatic intra-
epithelial neoplasia and early invasion in prostate
cancer. Cancer 59: 788-794.

Bostwick DG, Qian J. (2004). High-grade prostatic
intraepithelial neoplasia. Mod Pathol 17: 360-379.

Boyer A, Goff AK, Boerboom D. (2010). WNT
signaling in ovarian follicle biology and
tumorigenesis. Trends Endocrinol Metab 21: 25-
32.

Bretscher MS. (1992). Circulating integrins: Alpha 5
beta 1, alpha 6 beta 4 and mac-1, but not alpha 3
beta 1, alpha 4 beta 1 or LFA-1. EMBO J 11: 405-
410.

Burdsal CA, Damsky CH, Pedersen RA. (1993). The
role of E-cadherin and integrins in mesoderm
differentiation and migration at the mammalian
primitive streak. Development 118: 829-844.

Carron C, Cormier F, Janin A, Lacronique V,
Giovannini M, Daniel MT et al. (2000). TEL-JAK2
transgenic mice develop T-cell leukemia. Blood
95:3891-3899.

Caswell P, Norman J. (2008). Endocytic transport of
integrins during cell migration and invasion.
Trends Cell Biol 18: 257-263.

Caswell PT, Norman JC. (2006). Integrin trafficking
and the control of cell migration. Traffic 7: 14-21.

Cavallaro U, Christofori G. (2004). Cell adhesion and
signalling by cadherins and ig-CAMs in cancer.
Nat Rev Cancer 4: 118-132.

Chen G, Shukeir N, Potti A, Sircar K, Aprikian A,
Goltzman D et al. (2004). Up-regulation of wnt-1
and beta-catenin production in patients with
advanced metastatic prostate carcinoma: Potential
pathogenetic and prognostic implications. Cancer
101: 1345-1356.



36 References

Chen JM, Chuzhanova N, Stenson PD, Ferec C,
Cooper DN. (2005). Intrachromosomal serial
replication slippage in trans gives rise to diverse
genomic rearrangements involving inversions.
Hum Mutat 26: 362-373.

Chen W, Ten Berge D, Brown J, Ahn S, Hu LA,
Miller WE et al. (2003). Dishevelled 2 recruits
beta-arrestin 2 to mediate Wnt5A-stimulated
endocytosis of frizzled 4. Science 301: 1391-1394.

Collins TJ. (2007). Imagel] for
BioTechniques 43: 25-30.

Coogan CL, Bostwick DG, Bloom KJ, Gould VE.
(2003). Glycoprotein A-80 in the human prostate:
Immunolocalization in prostatic intraepithelial
neoplasia, carcinoma, radiation failure, and after
neoadjuvant hormonal therapy. Urology 61: 248-
252.

Culig Z, Hobisch A, Cronauer MV, Radmayr C,
Trapman J, Hittmair A et al. (1994). Androgen
receptor activation in prostatic tumor cell lines by
insulin-like growth factor-I, keratinocyte growth
factor, and epidermal growth factor. Cancer Res
54: 5474-5478.

Dauphinot L, De Oliveira C, Melot T, Sevenet N,
Thomas V, Weissman BE et al. (2001). Analysis of
the expression of cell cycle regulators in ewing cell
lines: EWS-FLI-1 modulates p57KIP2and c-myc
expression. Oncogene 20: 3258-3265.

Davidson B, Reich R, Goldberg I, Gotlieb WH,
Kopolovic J, Berner A et al. (2001). Ets-1
messenger RNA expression is a novel marker of
poor survival in ovarian carcinoma. Clin Cancer
Res 7: 551-557.

Dehm SM. (2008). Distinct classes of chromosomal
rearrangements create oncogenic ETS gene fusions
in prostate cancer. Tomlins SA, Laxman B,
Dhanasekaran SM, Helgeson BE, Cao X, Morris
DS, Menon A, Jing X, Cao Q, Han B, Yu J, Wang
L, Montie JE, Rubin MA, Pienta KJ, Roulston D,
Shah RB, Varambally S, Mehra R, Chinnaiyan
AM, Michigan Center for Translational Pathology,
Department of Pathology, University of Michigan
Medical School, Ann Arbor, MI. Urol Oncol 26:
687-688.

Demichelis F, Fall K, Perner S, Andren O, Schmidt F,
Setlur SR et al. (2007). TMPRSS2: ERG gene
fusion associated with lethal prostate cancer in a
watchful waiting cohort. Oncogene 26: 4596-4599.

microscopy.

Dickinson SI. (2010). Premalignant and malignant
prostate lesions: Pathologic review. Cancer Control
17:214-222.

Dixon JS, Chow PH & Gosling JA (1999) Anatomy
and function of the prostate gland. In: Nickel JC
(ed) Textbook of prostatitis. Isis Medical Media
Ltd, Oxford, UK. p 39—46.

Francesco Leonetti, Carmelida Capaldi and Angelo
Carotti. (2007). Microwave-assisted solid phase
synthesis of imatinib, a blockbuster anticancer
drug. 48: 3445-3458.

Gajecka M, Gentles AJ, Tsai A, Chitayat D, Mackay
KL, Glotzbach CD et al. (2008). Unexpected
complexity at  breakpoint  junctions  in
phenotypically normal individuals and mechanisms
involved in generating balanced translocations t (1;
22) (p36; q13). Genome Res 18: 1733-1742.

Goodwin M, Yap AS. (2004). Classical cadherin
adhesion molecules: Coordinating cell adhesion,
signaling and the cytoskeleton. J Mol Histol 35:
839-844.

Gottardi CJ, Wong E, Gumbiner BM. (2001). E-
cadherin suppresses cellular transformation by
inhibiting beta-catenin signaling in an adhesion-
independent manner. J Cell Biol 153: 1049-1060.

Gutierrez-Hartmann A, Duval DL, Bradford AP.
(2007). ETS transcription factors in endocrine
systems. Trends Endocrinol Metab 18: 150-158.

Haggman MJ, Macoska JA, Wojno KJ, Oesterling JE.
(1997). The relationship between prostatic
intraepithelial neoplasia and prostate cancer:
Critical issues. J Urol 158: 12-22.

Hankey BF, Feuer EJ, Clegg LX, Hayes RB, Legler
IM, Prorok PC et al. (1999). Cancer surveillance
series: Interpreting trends in prostate cancer--part I:
Evidence of the effects of screening in recent
prostate cancer incidence, mortality, and survival
rates. J Natl Cancer Inst 91: 1017-1024.

Hajra KM, Ji X, Fearon ER. (1999). Extinction of E-
cadherin expression in breast cancer via a
dominant repression pathway acting on proximal
promoter elements. Oncogene 18: 7274-7279.

He B, Kemppainen JA, Voegel JJ, Gronemeyer H,
Wilson EM. (1999). Activation function 2 in the
human androgen receptor ligand binding domain
mediates interdomain communication with the NH
(2)-terminal domain. J Biol Chem 274: 37219-
37225.

Heinlein CA, Chang C. (2002a). Androgen receptor
(AR) coregulators: An overview. Endocr Rev 23:
175-200.

Heinlein CA, Chang C. (2002b). The roles of
androgen receptors and androgen-binding proteins
in nongenomic androgen actions. Mol Endocrinol
16:2181-2187.

Helgeson BE, Tomlins SA, Shah N, Laxman B, Cao
Q, Prensner JR et al. (2008). Characterization of
TMPRSS2:ETVS and SLC45A3:ETVS gene
fusions in prostate cancer. Cancer Res 68: 73-80.

Hendrickson WK, Flavin R, Kasperzyk JL,
Fiorentino M, Fang F, Lis R et al. (2011). Vitamin
D receptor protein expression in tumor tissue and



References 37

prostate cancer progression. J Clin Oncol 29: 2378-
2385.

Hermans KG, Boormans JL, Gasi D, van Leenders
GJ, Jenster G, Verhagen PC et al. (2009).
Overexpression of prostate-specific TMPRSS2
(exon 0)-ERG fusion transcripts corresponds with
favorable prognosis of prostate cancer. Clin Cancer
Res 15: 6398-6403.

Hollenhorst PC, McIntosh LP, Graves BJ. (2010).
Genomic and biochemical insights into the
specificity of ETS transcription factors. Annu Rev
Biochem 80: 437-471.

Hoshino H, Miyoshi N, Nagai K, Tomimaru Y,
Nagano H, Sekimoto M et al. (2009). Epithelial-
mesenchymal transition with expression of SNAII-
induced chemoresistance in colorectal cancer.
Biochem Biophys Res Commun 390: 1061-1065.

Hsing AW, Chokkalingam AP. (2006). Prostate
cancer epidemiology. Front Biosci 11: 1388-1413.

Hsing AW, Tsao L, Devesa SS. (2000). International
trends and patterns of prostate cancer incidence
and mortality. Int J Cancer 85: 60-67.

Hu Y, Dobi A, Sreenath T, Cook C, Tadase AY,
Ravindranath L et al. (2008). Delineation of
TMPRSS2-ERG splice variants in prostate cancer.
Clin Cancer Res 14: 4719-4725.

Hurlstone A, Clevers H. (2002). T-cell factors: Turn-
ons and turn-offs. EMBO J 21: 2303-2311.

Hynes RO. (2002). Integrins: Bidirectional, allosteric
signaling machines. Cell 110: 673-687.

Ivaska J, Whelan RD, Watson R, Parker PJ. (2002).
PKC epsilon controls the traffic of betal integrins
in motile cells. EMBO J 21: 3608-3619.

Jaggi M, Rao PS, Smith DJ, Wheelock MJ, Johnson
KR, Hemstreet GP et al. (2005). E-cadherin
phosphorylation by protein kinase D1/protein
kinase C {mu} is associated with altered cellular
aggregation and motility in prostate cancer. Cancer
Res 65: 483-492.

Jeronimo C, Varzim G, Henrique R, Oliveira J, Bento
MJ, Silva C et al. (2002). 1105V polymorphism
and promoter methylation of the GSTP1 gene in
prostate  adenocarcinoma. Cancer Epidemiol
Biomarkers Prev 11: 445-450.

Jhavar S, Reid A, Clark J, Kote-Jarai Z, Christmas T,
Thompson A et al. (2008). Detection of
TMPRSS2-ERG translocations in human prostate
cancer by expression profiling using GeneChip
human exon 1.0 ST arrays. J Mol Diagn 10: 50-57.

Joniau S, Goeman L, Pennings J, Van Poppel H.
(2005). Prostatic intraepithelial neoplasia (PIN):
Importance and clinical management. Eur Urol 48:
379-385.

Kilpinen S, Autio R, Ojala K, Iljin K, Bucher E, Sara
H et al. (2008). Systematic bioinformatic analysis

of expression levels of 17,330 human genes across
9,783 samples from 175 types of healthy and
pathological tissues. Genome Biol 9: R139.

King JC, Xu J, Wongvipat J, Hieronymus H, Carver
BS, Leung DH et al. (2009). Cooperativity of
TMPRSS2-ERG  with  PI3-kinase  pathway
activation in prostate oncogenesis. Nat Genet 41:
524-526.

Kirikoshi H, Sagara N, Koike J, Tanaka K, Sekihara
H, Hirai M et al. (1999). Molecular cloning and
characterization of human frizzled-4 on
chromosome 11ql14-q21. Biochem Biophys Res
Commun 264: 955-961.

Klezovitch O, Risk M, Coleman I, Lucas JM, Null M,
True LD et al. (2008). A causal role for ERG in
neoplastic transformation of prostate epithelium.
Proc Natl Acad Sci U S A 105: 2105-2110.

Kong XT, Ida K, Ichikawa H, Shimizu K, Ohki M,
Maseki N et al. (1997). Consistent detection of
TLS/FUS-ERG chimeric transcripts in acute
myeloid leukemia with t(16;21)(p11;q22) and
identification of a novel transcript. Blood 90: 1192-
1199.

Kovi J, Mostofi FK, Heshmat MY, Enterline JP.
(1988). Large acinar atypical hyperplasia and
carcinoma of the prostate. Cancer 61: 555-561.

Kuphal F, Behrens J. (2006). E-cadherin modulates
wnt-dependent transcription in colorectal cancer
cells but does not alter wnt-independent gene
expression in fibroblasts. Exp Cell Res 312: 457-
467.

Lee JM, Dedhar S, Kalluri R, Thompson EW. (2006).
The epithelial-mesenchymal transition: New
insights in signaling, development, and disease. J
Cell Biol 172: 973-981.

Liu YN, Liu Y, Lee HJ, Hsu YH, Chen JH. (2008).
Activated androgen receptor downregulates E-
cadherin gene expression and promotes tumor
metastasis. Mol Cell Biol 28: 7096-7108.

Lonnig WE, Saedler H. (2002). Chromosome
rearrangements and transposable elements. Annu
Rev Genet 36: 389-410.

Look AT. (1995). Oncogenic role of "master"
transcription factors in human leukemias and
sarcomas: A developmental model. Adv Cancer
Res 67: 25-57.

Malbon CC. (2004). Frizzleds: New members of the
superfamily of G-protein-coupled receptors. Front
Biosci 9: 1048-1058.

Malinowska K, Neuwirt H, Cavarretta IT, Bektic J,
Steiner H, Dietrich H et al. (2009). Interleukin-6
stimulation of growth of prostate cancer in vitro
and in vivo through activation of the androgen
receptor. Endocr Relat Cancer 16: 155-169.



38 References

Mao J, Wang J, Liu B, Pan W, Farr GH, Flynn C et
al. (2001). Low-density lipoprotein receptor-related
protein-5 binds to axin and regulates the canonical
wat signaling pathway. Mol Cell 7: 801-809.

Mao X, Shaw G, James SY, Purkis P, Kudahetti SC,
Tsigani T et al. (2008). Detection of TMPRSS2:
ERG fusion gene in circulating prostate cancer
cells. Asian J Androl 10: 467-473.

Marker PC, Donjacour AA, Dahiya R, Cunha GR.
(2003). Hormonal, cellular, and molecular control
of prostatic development. Dev Biol 253: 165-174.

McNeal JE, Bostwick DG. (1986). Intraductal
dysplasia: A premalignant lesion of the prostate.
Hum Pathol 17: 64-71.

McNeal JE, Haillot O. (2001). Patterns of spread of
adenocarcinoma in the prostate as related to cancer
volume. Prostate 49: 48-57.

Mehra R, Tomlins SA, Yu J, Cao X, Wang L, Menon
A et al. (2008). Characterization of TMPRSS2-
ETS gene aberrations in androgen-independent
metastatic prostate cancer. Cancer Res 68: 3584-
3590.

Mohamed AA, Tan SH, Sun C, Shaheduzzaman S,
Hu Y, Petrovics G et al. (2011). ERG oncogene
modulates prostaglandin signaling in prostate
cancer cells. Cancer Biol Ther 11: 410-417.

Montironi R, Mazzucchelli R, Lopez-Beltran A,
Cheng L, Scarpelli M. (2007). Mechanisms of
disease: High-grade prostatic intraepithelial
neoplasia and other proposed preneoplastic lesions
in the prostate. Nat Clin Pract Urol 4: 321-332.

Mooradian AD, Morley JE, Korenman SG. (1987).
Biological actions of androgens. Endocr Rev 8: 1-
28.

Mosquera JM, Perner S, Genega EM, Sanda M, Hofer
MD, Mertz KD et al. (2008). Characterization of
TMPRSS2-ERG  fusion high-grade prostatic
intraepithelial neoplasia and potential clinical
implications. Clin Cancer Res 14: 3380-3385.

Mpindi JP, Sara H, Haapa-Paananen S, Kilpinen S,
Pisto T, Bucher E et al. (2011). GTI: A novel
algorithm for identifying outlier gene expression
profiles from integrated microarray datasets. PLoS
One 6: €17259.

Myers RP. (2000). Structure of the adult prostate
from a clinician's standpoint. Clin Anat 13: 214-
215.2-N.

Naylor MJ, Li N, Cheung J, Lowe ET, Lambert E,
Marlow R et al. (2005). Ablation of betal integrin
in mammary epithelium reveals a key role for
integrin  in  glandular morphogenesis  and
differentiation. J Cell Biol 171: 717-728.

Nelson WG, De Marzo AM, DeWeese TL, Isaacs
WB. (2004). The role of inflammation in the
pathogenesis of prostate cancer. J Urol 172: S6-11.

Oikawa T. (2004). ETS transcription factors: Possible
targets for cancer therapy. Cancer Sci 95: 626-633.

Oikawa T, Yamada T. (2003). Molecular biology of
the ets family of transcription factors. Gene 303:
11-34.

Onder TT, Gupta PB, Mani SA, Yang J, Lander ES,
Weinberg RA. (2008). Loss of E-cadherin
promotes metastasis via multiple downstream
transcriptional pathways. Cancer Res 68: 3645-
3654.

Orsulic S, Huber O, Aberle H, Arnold S, Kemler R.
(1999). E-cadherin binding prevents beta-catenin
nuclear localization and beta-catenin/LEF-1-
mediated transactivation. J Cell Sci 112 (Pt 8):
1237-1245.

Ostrowski WS, Kuciel R. (1994). Human prostatic
acid phosphatase: Selected properties and practical
applications. Clin Chim Acta 226: 121-129.

Owczarek CM, Portbury KJ, Hardy MP, O'Leary DA,
Kudoh J, Shibuya K et al. (2004). Detailed
mapping of the ERG-ETS2 interval of human
chromosome 21 and comparison with the region of
conserved synteny on mouse chromosome 16.
Gene 324: 65-77.

Paoloni-Giacobino A, Chen H, Peitsch MC, Rossier
C, Antonarakis SE. (1997). Cloning of the
TMPRSS2 gene, which encodes a novel serine
protease with transmembrane, LDLRA, and SRCR
domains and maps to 21q22.3. Genomics 44: 309-
320.

Perner S, Rubin MA. (2008). A variant TMPRSS2
isoform and ERG fusion product in prostate cancer
with implications for molecular diagnosis. Mod
Pathol 21: 1056; author reply 1056-7.

Pienta KJ, Esper PS. (1993). Risk factors for prostate
cancer. Ann Intern Med 118: 793-803.

Qian J, Bostwick DG, Takahashi S, Borell TJ, Herath
JF, Lieber MM et al. (1995). Chromosomal
anomalies in prostatic intraepithelial neoplasia and
carcinoma detected by fluorescence in situ
hybridization. Cancer Res 55: 5408-5414.

Qian J, Jenkins RB, Bostwick DG. (1997). Detection
of chromosomal anomalies and c-myc gene
amplification in the cribriform pattern of prostatic
intraepithelial neoplasia and carcinoma by
fluorescence in situ hybridization. Mod Pathol 10:
1113-1119.

Rao AR, Motiwala HG, Karim OM. (2008). The
discovery of prostate-specific antigen. BJU Int
101: 5-10.

Rao AS, Kremenevskaja N, von Wasielewski R,
Jakubcakova V, Kant S, Resch J et al. (2006).
Wht/beta-catenin signaling mediates antineoplastic
effects of imatinib mesylate (gleevec) in anaplastic
thyroid cancer. J Clin Endocrinol Metab 91: 159-
168.



References 39

Reddy ES, Rao VN, Papas TS. (1987). The Erg gene:
A human gene related to the ets oncogene. Proc
Natl Acad Sci U S A 84: 6131-6135.

Reddig PJ, Juliano RL. (2005). Clinging to life: Cell
to matrix adhesion and cell survival. Cancer
Metastasis Rev 24: 425-439.

Rickman DS, Chen YB, Banerjee S, Pan Y, Yu J,
Vuong T et al. (2010). ERG cooperates with
androgen receptor in regulating trefoil factor 3 in
prostate cancer disease progression. Neoplasia 12:
1031-1040.

Riegman PH, Vlietstra RJ, Van Der Korput JA,
Brinkmann AO, Trapman J. (1991). The promoter
of the prostate-specific antigen gene contains a
functional androgen responsive element. Mol
Endocrinol 5: 1921-1930.

Riethmacher D, Brinkmann V, Birchmeier C. (1995).
A targeted mutation in the mouse E-cadherin gene
results in defective preimplantation development.
Proc Natl Acad Sci U S A 92: 855-859.

Roberts M, Barry S, Woods A, van der Sluijs P,
Norman J. (2001). PDGF-regulated rab4-dependent
recycling of alphavbeta3 integrin from early
endosomes is necessary for cell adhesion and
spreading. Curr Biol 11: 1392-1402.

Rosenberg MT, Froehner M, Albala D, Miner MM.
(2010). Biology and natural history of prostate
cancer and the role of chemoprevention. Int J Clin
Pract 64: 1746-1753.

Ross RK, Coetzee GA, Pearce CL, Reichardt JK,
Bretsky P, Kolonel LN et al. (1999). Androgen
metabolism and prostate cancer: Establishing a
model of genetic susceptibility. Eur Urol 35: 355-
361.

Roy AK, Lavrovsky Y, Song CS, Chen S, Jung MH,
Velu NK et al. (1999). Regulation of androgen
action. Vitam Horm 55: 309-352.

Rubin MA, Zhou M, Dhanasekaran SM, Varambally
S, Barrette TR, Sanda MG et al. (2002). Alpha-
methylacyl coenzyme A racemase as a tissue
biomarker for prostate cancer. JAMA 287: 1662-
1670.

Sagara N, Kirikoshi H, Terasaki H, Yasuhiko Y,
Toda G, Shiokawa K et al. (2001). FZD4S, a
splicing variant of frizzled-4, encodes a soluble-
type positive regulator of the WNT signaling
pathway. Biochem Biophys Res Commun 282:
750-756.

Sakanaka C, Leong P, Xu L, Harrison SD, Williams
LT. (1999). Casein kinase iepsilon in the wnt
pathway: Regulation of beta-catenin function. Proc
Natl Acad Sci U S A 96: 12548-12552.

Sakr WA, Macoska JA, Benson P, Grignon DJ,
Wolman SR, Pontes JE et al. (1994). Allelic loss in
locally metastatic, multisampled prostate cancer.
Cancer Res 54: 3273-3277.

Saramaki OR, Harjula AE, Martikainen PM, Vessella
RL, Tammela TL, Visakorpi T. (2008). TMPRSS2:
ERG fusion identifies a subgroup of prostate
cancers with a favorable prognosis. Clin Cancer
Res 14: 3395-3400.

Scardino PT. (2000). The gordon wilson lecture.
Natural history and treatment of early stage
prostate cancer. Trans Am Clin Climatol Assoc
111:201-241.

Schmalhofer O, Brabletz S, Brabletz T. (2009). E-
cadherin, beta-catenin, and ZEB1 in malignant
progression of cancer. Cancer Metastasis Rev 28:
151-166.

Schweizer L, Rizzo CA, Spires TE, Platero JS, Wu Q,
Lin TA et al. (2008). The androgen receptor can
signal through Wnt/beta-catenin in prostate cancer
cells as an adaptation mechanism to castration
levels of androgens. BMC Cell Biol 9: 4.

Seaton A, Scullin P, Maxwell PJ, Wilson C,
Pettigrew J, Gallagher R et al. (2008). Interleukin-8
signaling promotes androgen-independent
proliferation of prostate cancer cells via induction
of androgen receptor expression and activation.
Carcinogenesis 29: 1148-1156.

Seth A, Watson DK. (2005). ETS transcription
factors and their emerging roles in human cancer.
Eur J Cancer 41: 2462-2478.

Setlur SR, Mertz KD, Hoshida Y, Demichelis F,
Lupien M, Perner S et al. (2008). Estrogen-
dependent signaling in a molecularly distinct
subclass of aggressive prostate cancer. J Natl
Cancer Inst 100: 815-825.

Sharrocks AD. (2001). The ETS-domain transcription
factor family. Nat Rev Mol Cell Biol 2: 827-837.

Sheen CR, Jewell UR, Morris CM, Brennan SO,
Ferec C, George PM et al. (2007). Double complex
mutations involving F8 and FUNDC2 caused by
distinct break-induced replication. Hum Mutat 28:
1198-1206.

Sheng H, Shao J, Williams CS, Pereira MA, Taketo
MM, Oshima M et al. (1998). Nuclear
translocation of beta-catenin in hereditary and
carcinogen-induced intestinal adenomas.
Carcinogenesis 19: 543-549.

Shin M, Takayama H, Nonomura N, Wakatsuki A,
Okuyama A, Aozasa K. (2000). Extent and zonal
distribution of prostatic intraepithelial neoplasia in
patients with prostatic carcinoma in japan:
Analysis of  whole-mounted  prostatectomy
specimens. Prostate 42: 81-87.

Sun C, Dobi A, Mohamed A, Li H, Thangapazham
RL, Furusato B et al. (2008). TMPRSS2-ERG
fusion, a common genomic alteration in prostate
cancer activates C-MYC and abrogates prostate
epithelial differentiation. Oncogene 27: 5348-5353.



40 References

Swinnen JV, Roskams T, Joniau S, Van Poppel H,
Oyen R, Baert L et al. (2002). Overexpression of
fatty acid synthase is an early and common event
in the development of prostate cancer. Int J Cancer
98:19-22.

Tanaka H, Bergstrom DA, Yao MC, Tapscott SJ.
(2006). Large DNA palindromes as a common
form of structural chromosome aberrations in
human cancers. Hum Cell 19: 17-23.

Taunton J, Hassig CA, Schreiber SL. (1996). A
mammalian histone deacetylase related to the yeast
transcriptional regulator Rpd3p. Science 272: 408-
411.

Tindall DJ, Rittmaster RS. (2008). The rationale for
inhibiting Salpha-reductase isoenzymes in the
prevention and treatment of prostate cancer. J Urol
179: 1235-1242.

Tomlins SA, Laxman B, Varambally S, Cao X, Yu J,
Helgeson BE et al. (2008). Role of the TMPRSS2-
ERG gene fusion in prostate cancer. Neoplasia 10:
177-188.

Tomlins SA, Rhodes DR, Perner S, Dhanasekaran
SM, Mehra R, Sun XW et al. (2005). Recurrent
fusion of TMPRSS2 and ETS transcription factor
genes in prostate cancer. Science 310: 644-648.

Truica CI, Byers S, Gelmann EP. (2000). Beta-
catenin affects androgen receptor transcriptional
activity and ligand specificity. Cancer Res 60:
4709-4713.

Vainio P, Gupta S, Ketola K, Mirtti T, Mpindi JP,
Kohonen P et al. (2011). Arachidonic acid pathway
members PLA2G7, HPGD, EPHX2, and CYP4F8
identified as putative novel therapeutic targets in
prostate cancer. Am J Pathol 178: 525-536.

Verger A, Buisine E, Carrere S, Wintjens R, Flourens
A, Coll J et al. (2001). Identification of amino acid
residues in the ETS transcription factor erg that
mediate  erg-Jun/Fos-DNA  ternary  complex
formation. J Biol Chem 276: 17181-17189.

Verger A, Duterque-Coquillaud M. (2002). When ets
transcription factors meet their partners. Bioessays
24:362-370.

Vissers LE, Stankiewicz P, Yatsenko SA, Crawford
E, Creswick H, Proud VK et al. (2007). Complex
chromosome 17p rearrangements associated with
low-copy repeats in two patients with congenital
anomalies. Hum Genet 121: 697-709.

Wang J, Cai Y, Shao LJ, Siddiqui J, Palanisamy N, Li
R et al. (2011). Activation of NF-{kappa} B by
TMPRSS2/ERG fusion isoforms through toll-like
receptor-4. Cancer Res 71: 1325-1333.

Wheelock MJ, Jensen PJ. (1992). Regulation of
keratinocyte intercellular junction organization and
epidermal morphogenesis by E-cadherin. J Cell
Biol 117: 415-425.

Whittemore AS, Kolonel LN, Wu AH, John EM,
Gallagher RP, Howe GR et al. (1995). Prostate
cancer in relation to diet, physical activity, and
body size in blacks, whites, and asians in the united
states and canada. J Natl Cancer Inst 87: 652-661.

Willert K, Brink M, Wodarz A, Varmus H, Nusse R.
(1997). Casein kinase 2 associates with and
phosphorylates dishevelled. EMBO J 16: 3089-
3096.

Yang L, Mei Q, Zielinska-Kwiatkowska A, Matsui Y,
Blackburn ML, Benedetti D et al. (2003). An ERG
(ets-related gene)-associated histone
methyltransferase interacts with  histone
deacetylases 1/2 and transcription co-repressors
mSin3A/B. Biochem J 369: 651-657.

Yang L, Xia L, Wu DY, Wang H, Chansky HA,
Schubach WH et al. (2002). Molecular cloning of
ESET, a novel histone H3-specific
methyltransferase that interacts with ERG
transcription factor. Oncogene 21: 148-152.

Yu J, Yu J, Mani RS, Cao Q, Brenner CJ, Cao X et
al. (2010). An integrated network of androgen
receptor, polycomb, and TMPRSS2-ERG gene
fusions in prostate cancer progression. Cancer Cell
17: 443-454.

Zong Y, Xin L, Goldstein AS, Lawson DA, Teitell
MA, Witte ON. (2009). ETS family transcription
factors collaborate with alternative signaling
pathways to induce carcinoma from adult murine
prostate cells. Proc Natl Acad Sci U S A 106:
12465-12470.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [555.591 765.354]
>> setpagedevice




