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1. Hypothesis and Principal task

1.1 Hypothesis

The pleiotropic pathways regulated by ubiquitintpesome-pathway-
dependent protein degradation depict the fundarheint@ortance of
regulated proteolysis in retaining normal cellulaomeostasis. It is
postulated that expression aberrations of diffepgnteins of this intricate
enzymatic machinery play a role in the evolutionnadlignancies in the
prostate and provide a potential molecular biolagimarker system for
prostate carcinoma as well as further contributiaéodevelopment of novel

prostate carcinoma therapy.

1.2 Principal task

UPP is a major player in regulatory processesenctil. Alterations of this
critical degradation machinery are involved in méaynan pathologies and
this makes it a vital target for tumourigenesis amhcer progression.
(Burger and Seth 2004; Mani and Gelmann 2005; Deatogl. 2005) Its
hierarchical nature further provides a platform $pecific intervention of
molecular targets that would allow a novel approa&xhinnovative anti-
cancer therapeutics. (Burger and Seth 2004) Inasimgy abnormal
transcription patterns in the ubiquitin-proteas@ystem mark the principal
goal of this study and would contribute to a bettetlerstanding of prostate
cancer biology. Such findings could provide subshimformation for the
identification of highly sensitive and specific mbdiagnostic markers and
therapeutic strategies for prostate cancer viaetarg the ubiquitin-

proteasome cascade.



2. Introduction

This chapter provides information on prostate cemcia, the ubiquitin-
proteasome pathway and the transcripts, whose ssipre patterns would

be investigated.

2.1 Prostate carcinoma

This section briefly reviews the occurrence, pathygmlogy, classification,

diagnosis and therapy of prostate carcinoma.

2.1.1Epidemiology

Cancer is a leading cause of death, accounting3&s af all deaths in the
world in 2005. Prostate cancer stands on posiionfdhe leading cause of
global deaths among men after lung, stomach, lieeiprectal and
oesophagus cancer. In Germany it ranks third anloadeading causes of
cancer-related deaths after lung- and intestinatea Prostate carcinoma is
the second most common cancer in men and the noosinon urologic
malignant tumour in males, especially at advancgd. @revalence is
identical in the different ethnic groups and dem@iss higher frequencies
than incidence rates. Incidence and mortality rateshe other hand, vary
across the globe with highest incidences in Afridamnerican men. In
addition PC incidence increases remarkably with ggaerally detected in
men over the age of 50, with more than 50% in ni®vea 70 years of age.
The 5-year survival rate is approximately 82%. (WR@D6; Nelen 2007;
Hautmann and Huland 2006; Clements 2007; Bertz et 2806;
Krebsinformationsdienst 2003; National Cancer In&i2005)

2.1.2Aetiology and Pathogenesis

The exact aetiology of prostate cancer is unknoRwstulations include
genetics, hormones, ethnic disparity, age, diet mnfidctious diseases.
Genetic predisposition is responsible for 10 -150@lb prostate cancers.
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First grade (father, brother) or second grade (@jether, uncle) relations
account for a two to three time increase in PC asll a 10 to 20 years
earlier establishment of the disease. Geneticatitgrs on chromosome 1
and the X-chromosome have been found in thesenpsitid shared familiar
risk for prostate and breast cancer has also bewaticated. African-
American men demonstrate higher incidence and agiyeness of cancer
as well as tumour diagnosis at an earlier age agbeh age-specific
mortality compared to Caucasian men, who in turmshigher incidences
than Asian male. Eunuchs do not develop prostateintana and PC
progression is generally androgen dependent. Edtegts, especially
animal protein and fat and environmental factds Bxhaust fumes and air
pollution influence prostate cancer growth. Theedirlink between the
prostate gland and the urethra suggest that vichvanereal infections may
induce prostate cancer genesis. Current evidencgasuially holds up to
the contention that PIN is a precursor for prostedenocarcinoma.
(Hautmann and Huland 2006; Schwab 2001; Hanna €08lL; Rubin et al.
2005).

2.1.3Anatomy and Pathophysiology

Vas Deferens

Seminal Vesicles

u Verumontanum

Sagittal Coronal

Fig 2.1.3: Zonal anatomy of prostate; PZ = peripalezone, TZ = transition zone, CZ =
central zone (Curran S et al., AJR Am J Roentg&@dly)
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Prostate cancer is a malignant neoplasm of theégisogland. The prostate,
a genitourinary gland in male, contributes to ndrsexual function and
also plays a role in bladder control [Fig 2.1.3]tr&ial fraction of prostate
cancers arise from the CZ. The TZ marks the arearigin of BPH and
10% of prostate cancers. 90% of prostate canceagsnate in the PZ.
(Schwab 2001; Clements 2007; Hautmann and Hulan@)200
Adenocarcinomas of the acini make up 95% of prestancers. Other
histology variants are rare. Prostate carcinomaotstnates slow growth
rate, high grade heterogeneity and multifocalityfCle(ments 2007;
Hautmann and Huland 2006; Mostofi et al. 2002; Satw2001)
Malignancy is determined by deviations from norrgnd architecture.
These deviations demonstrate diverse variants oWihyr patterns from
acinar over cribriform to anaplastic tumours. Capsylanetration and
invasion of the seminal vesicles indicate tumouogpession. Tumour
invasion occurs primarily lymphogenous along parmaé lymphatic
channels and later haematogenous. Obturator lyngalesimark the first
site of metastatic spread and its invasion is adpfior lymph node —
staging. Osteoblastic metastasis marks the maatitot of haematogenous
spreading, particularly in the vertebral column.pkiigc metastases are
unusual. Metastases in order of decreasing frequieictude lymph nodes,
bones, lung, and liver. The major cause of deathams extensive
dissemination of the tumour habitually with termipaeumonia or sepsis
(Rubin et al. 2005; Hautmann and Huland 2006; Clesn2007)

2.1.4Staging and Grading

TNM staging and Gleason grading systems are the mast used

classification systems for PC. The TNM staging sysie the international

standard for prostate carcinoma staging [Tab 2.XA¢ason grading is
based solely on the histological architecture afidur gland formation and
infiltration [Fig 2.1.4]. It recognises 5 patterosdecreasing differentiation.
Pattern 1 being the most differentiated and patbetine least. The sum of

the primary and second most prevalent pattern, ntla&eGleason score,
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thereby incorporating the heterogeneity of PC archite: e.g. Gleason
3+4=7. The lower the score the better the progocstitcome. Gleason
score is a potential prognostic factor for natunatory prediction and
assessment of risk of tumour recurrence after tptalstatectomy or
radiotherapy. (Clements 2007; Egevad et al. 2004irRet al. 2005;
Schwab 2001)

2.1.5Natural history of disease

Tumour volume correlates like in no other solid twm with tumour
aggressiveness. Micro tumours, less than 0.2cm3banely palpable via
digital rectal examination, do not metastasisegeatumours, over 12cm3,
almost always demonstrate metastasis. Advancedsdiséemonstrates 5-
year mortality rates of 75% and a mortality rat®0% at 10 years. Marked
by its defined slow growth progression, only clallg apparent carcinomas

have need of therapy. (Hautmann and Huland 2006nélat al. 2001)

2.1.6Clinical presentation

Clinical manifestation depends on tumour stage rae tof presentation.
Early stages generally stay asymptomatic while aded tumour stages
may demonstrate symptoms due to bladder outlet ruatigin, like
incontinence or haematuria, as seen by BPH. Bone, padght loss,
lethargy or neurological compromise in the spiresuit from metastases,
are uncommon and represent very advanced dise@samdnts 2007;
Schwab 2001; Hautmann and Huland 2006)



T — Primary Tumour

TX Primary tumour cannot be assessed
TO No evidence of primary tumour
T1 Clinically inapparent tumour not palpable asible by imaging

Tla Tumour incidental histological finding in 586less of
tissue resected
T1b Tumour incidental histological finding in neothan 5% of
tissue resected
Tlc Tumour identified by needle biopsy (e.g.,&ese of
elevated PSA)
T2 Tumour confined within prostate
T2a Tumour involves one half of one lobe or less
T2b Tumour involves more than half of one lobat, fiot both
lobes
T2c Tumour involves both lobes
T3 Tumour extends through the prostatic capsule
T3a Extracapsular extension (unilateral or bitd)e
T3b Tumour involves seminal vesicle(s)
T4 Tumour is fixed or invades adjacent structatier than seminal
vesicles: bladder neck, external sphincter, ractavator muscle,

or pelvic wall

N — Regional Lymph Nodes
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis

N1 Regional lymph node metastasis

M — Distant Metastasis
MX Distant metastasis cannot be assessed
MO No distant metastases
M1 Distant metastasis
Mla  Non-regional lymph node(s)
Mlb  Bone(s)
Mlc  Other site(s)

Tab 2.1.4: TNM Clinical Classification of prostatarcinoma (Sobin and Wittekind,
UCIC, International Union Against Cancer, 2002)



PROSTATIC ADENOCARCINOMA
( Histological Patterns )
e
Oogoogogg‘g@g%g% Gleason pattern 1:
%ég 0 ?é’%’g% 1 p ;

very well enclosed nodule of single, separ
glands, closely packed, practically back-to-ba
round or oval, fairly large in relation to most feat
3, approximately equal in size and shape and dg
infiltrate adjacent benign tissue. Usually obser
in transition zone carcinomas, very rare, and w
present, habitually associated with pattern 2.
There are discussions on if pattern 1 be consid
a tumour

Gleason pattern 2:

fairly well enclosed, nodule of single, separ

OF Glesges WD X T

rounded, generally larger than pattern 3 glandsertomsely arranged, not as uniform as patter

with possible minimal invasion of non neoplast8stie possible. Often observed in transition z
carcinomas

Gleason pattern 3:

glands vary in size and shape, usually small (“englands”) in relation to pattern 1 and 2, so
however moderate-sized to large, often elongatedngular, the small glands are in contras
small poorly defined pattern 4 glands, distinctceimscribable units. Clearly infiltrative
expanding into non-neoplastic tissue. May also fid@iform glands, these are slightly larger th
benign prostate glands with regular outer contosyiniscent of intraductal mamma carcino

and must be separated from cribriform pattern #aiductal cribriform proliferations and prosta

duct adenocarcinoma. Small infiltrating pattern [Bngs are almost always associated wi

cribriform pattern 3.

Gleason pattern 4:

glands are either fused, poorly defined with ontgasional lumen formation or cribriform. Fus
glands are chains, nests or masses no longer seghdrg intervening stroma, may sometim
contain strands of residual stroma giving the appeze of partial separation and may hav
scalloped appearance peripherally; the “hypernephtoid” pattern is rare variant of fused glarn
resembling renal cell carcinoma. Poorly definedhdtanot originally described by Gleason
difficult to distinguish from small-acinar patteBnglands. Cribriform glands are either large w
cribirform sheets or small with irregular infiltragy borders.

Gleason pattern 5:

virtually no glandular differentiation. This patteis composed of solid sheets, solid cords

single cells, as well as tumour nests with cemtoatedonecrosis.
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Fig 2.1.4: Gleason patterns of prostatic adenocaooha (Egevad, Allsbrook and

Epstein, Johns Hopkins Universif, 2004)



2.1.7Screening

PSA is currently the single best test for PC screpaimd is widely used in
PC diagnosis. PC-screening by means of serum PS®RBdsignificantly
improves early tumour discovery and yearly scregmimther improves PC
detection. PC-screening is recommended in men athevage of 45 and
for black Americans and individuals with familialsgosition, screening is
recommended above 40 years of age. Biopsies sheyb@tbormed in men
with abnormal DRE and PSA levels > 10ng/l. (Clem&ti87; Hautmann
and Huland 2006; Hanres al.2001)

2.1.8Diagnostics and Diagnosis

Diagnosis is usually performed after further inigedion via biopsy when
abnormal DRE results, elevated PSA levels are deteotein tissue
obtained during transurethral resection to treat BPHrasound-guided
needle biopsy has become the principal method agrmdisis. Histological
findings achieved from the biopsy cores togethahwerum PSA deliver
the majority of staging information used for thexapic decisions.
(Clements 2007; Hautmann and Huland 2006; Rubin.e204l5; Schwab
2001; Hannaet al.2001)

Digital rectal examination:

DRE is a standard component of physical examinatimugh not very
sensitive nor specific. Palpated irregularitiescase of tumour include
dense rough nodules or disparity in tissue consisteand imply further
analysis via TRB. (Hannet al.2001; Hautmann and Huland 2006)

Prostate specific antigen and other serum markers:

PSA is a glycoprotein with molecular weight of 3000Dalton, produced
exclusively in prostate ductal epithelium and fumas in the liquefaction of
the seminal coagulum formed with ejaculation. ksus level correlates
with tumour volume. PSA is the most useful biocheghimarker for PC

detection and therapy monitoring. It demonstratgh bensitivity of almost
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100%, but a rather lesser specificity. The refeeeserum cut-off level is
4ng/ml and biopsy is generally recommended by wwaladOng/ml.
Prostatitis, BPH and other processes also expressaised levels of PSA.
Tumours however present a 10 fold higher increag®SA level than BPH.
Serum PSA correlates directly with prostate voland increases with age.
Other classic markers like acid phosphatase, acstqite phosphatase and
alkaline phosphatase have lost their value in PCctlete (Hautmann and
Huland 2006; Hannet al.2001)

Transrectal ultrasound (TRUS) and Transrectal nedabpsy (TRB):

The most important use of TRUS is to aid TRB. Thesitaapproach of
TRB is to gain six core biopsies, 3 from each lobeta(ding 10 or more
systematic biopsies of the peripheral zone andsitianal zone further
increase the possibility of diagnosis. (Haretoal. 2001; Hautmann and
Huland 2006; Schwab 2001)

Bone scan:

Radionuclide imaging is the main method for assgsssseal metastases in
disseminated disease and displays high sensitifiianno et al. 2001;
Hautmann and Huland 2006)

Computer tomography (CT) and magnetic resonanceimgaRI):

CT and MRI do not belong to standard procedures rdRgnostics nor
staging. The endorectal MRI display high performaoicprostate anatomy
and its surrounding tissue and may provide additi@aging information
to assess extracapsular disease in patients wignmeadiate PSAs and

positive needle biopsies. (Hanaeoal.2001; Hautmann and Huland 2006)

2.1.9Therapy
Various factors like age, co morbidities, tumowgst and Gleason score as
well as therapy side effects are taken into comattn when deciding on

the form of therapy. Radical prostatectomy and taxhatherapy present
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treatment options for localised (T1, T2, T3, NO, )Mé@rgan —confined
disease. Hormone therapy, androgen deprivationksnétreatment for
advanced disease (metastases). Therapeutic stéafegirefractory disease
are generally palliative, present a mean survivallomonths and include
chemotherapy, immunotherapy, radiation and paimtinent. (Schwab
2001; Hanneet al.2001; Hautmann and Huland 2006)

Watchful waiting:

This is an alternative in patients with early lasadl disease with good
differentiated small tumours (T1, T2, NO, MO) araWwl life expectancy.
(Sokeland et al. 2004)

Radical prostatectomy:

This treatment is applied for patients with a méiéa expectancy > 10
years and generally below the age of 70 years.€Tiiee prostate together
with the seminal vesicles and the underlying fasceataken out. (Hanns
al. 2001; Hautmann and Huland 2006)

Radiation therapy:

This is the treatment of choice for T3 disease.rétitéal brachytherapy is
an alternative method to standard external beamatred. External
radiation is administered upon three-dimensionaif@enal as multi field

radiation in divided doses. For transperineal bydwrapy radioactive

iodide (*21) and palladium (2°3Pd) are implanted via ultrasbguide in the

prostate. After-loading therapy is a similar methodrachytherapy. In this
case temporary radioactive iridium is brought #® pinostate via ultrasound-
guided perineal needles and additional percutanesmliation is required to
attain the necessary dose. These methods limit niewaradiation to the
bladder and rectum. Short term results show sinoilacome to surgery or
external beam radiation. (Schwab 2001; Haanal.2001; Hautmann and
Huland 2006)
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Androgen ablation:

Radical or bilateral subcapsular orchiectomy (céistig LHRH agonists

and steroid or non steroid antiandrogens (recefockers) present
different methods for androgen deprivation. Thestate atrophies without
testosterone. The main difference between theshaugtlies in the range
of their individual side effects. Oestrogen therdms been eliminated
because of its cardiovascular side effects and nmrhyperplasia. The
effects of inhibitors of androgen synthesis or ctatgandrogen blockage

are controversial. (Hanrs al.2001; Hautmann and Huland 2006)

Hormone refractory disease:

Patients experiencing clinical or biochemical fesluvhile on androgen
ablation can experience regression on withdrawddichv may last for
several months to a year. Chemotherapy with singmbined treatment
regimen of cytostatic drugs delivers rather prokuhg response.
Immunotherapy can be administered only restrictedigt bone metastases
can be eliminated by local radiation. (Haneal. 2001; Hautmann and
Huland 2006)

2.1.10Follow-up and Prognosis

PSA is the single most important and specific tummarker for post
operative and post radiation monitoring. Overalicome depends on pre-
treatment stage and post-therapy PSA level. PSAegahfter androgen
ablation do not reflect therapy outcome. 10- toy&&¢ recurrence rate after
surgery is ca. 20%. Highest success rates aftéati@a are reported when
therapy is instituted before PSA > 1.0ng/ml. 10rysarvival rate of
patients with advanced disease is ca. 10%. (Sc2@&d; Hannoet al.
2001; Hautmann and Huland 2006)
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2.2 The Ubiquitin-Proteasome Pathway

The Ubiquitin-proteasome pathway and Cancer:

The ubiquitin-proteasome pathway (UPP) is accouatdbr the ATP-

dependent selective and timely removal of misfoldedamaged,

unassembled polypeptide chains and regulatory ipsotéen the cell.

(Schwab 2001; Zwickl and Baumeister 2002) The psuse regulates in
this manner numerous basic cellular processes: ayelle progression,
transcription, signal transduction, proliferatiompoptosis, cellular stress
response, modulation of surface receptors, ion rman metabolic

regulation, antigene processing and presentatiegulation of tumour

suppression proteins, combating cancer and vifatiion. (Cooper 2000,
Zwickl and Baumeister 2002; Mani and Gelmann 2008stBn Biochem

©1998-2005; Bioinformatic Harvester) Its involvemamtthe pathogenesis
of various cancers and its role in human canceraghehave previously

been reported and would be discussed later iptpser.

The Ubiquitin-proteasome machinery:

Cellular disposal of unwanted molecules is essemtialnormal cellular

homeostasis. The UPP presents the major, oldestggrdependent and
most tightly regulated process for selective, rgputeolysis in eukaryotes.
Peroxisomes and lysosomes are other systems thdiateemolecular
breakdown processes. (Cooper 2000; Elliot and Ef@d1; Zwickl and

Baumeister 2002) Ubiquitin targets protein via cgajion of multiple

ubiquitin moieties (ubiquitination) for ATP-depemdedegradation by the
proteasome [Fig 2.2.1]. The proteasome is furticep@antable for ubigitin
recycling. Ubiquitin is an abundant, highly-conssatysmall 76 amino acid
protein found only in eukaryotes, neither in ar@aeror bacteria.
Ubiquitination involves a cascade of three enzygpes, E1, E2 and E3.
E1l, encoded by a single gene, activates the C-taemmi the ubiquitin,

ATP dependent, via a high-energy thiolester linkégehe E1. E2 then

transfers ubiquitin to one of the multiple E3. E3responsible for the

12



specificity of protein recognition, thus ensuringe tfidelity of selective
proteolysis. E3 catalyse the covalent-attachmeftite@tbiquitin C-terminus
to the e-amino group of a lysine residue of the substrae®téin) via
isopeptide linkage and subsequent formation ohg laultiubiquitin chain,
which serves as a signal for degradation by thetepemme. De-
ubiquitination enzymes recover ubiquitin from ubtouprotein conjugates
and breakdown abundant multiubiquitin chains. (Satn®001; Zwickl and
Baumeister 2002) The proteasome is highly conserved three domains
in life, archaea, bacteria and eukaryotes. The Isshgorm is found in
bacteria and most complicated in eukaryotes. Theepsome is a 2.2MDa
barrel-shaped multicatalytic proteinase complexe ®6S proteasome,
composed of two complexes, a 20S core particleaatdS regulator cap.
The 20S core contains the protease subunits atwmposed of four rings,
each containing 7 subunits (28 non-identical suisyntwo innerp-rings
which contain the proteolytic active sites and toger a-rings. The 19S
cap is made of a base and a lid. The base contarese non-ATPase
subunits and six ATPases that unfold the substatestranslocate them
into the core (substrate specificity). The lid @ns eight non-ATPase
subunits; its role is still unclear. The proteasommefound free in the
cytosol, attached to the ER and in the nucleus.w&bh2001; Zwickl and
Baumeister 2002)
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UBIQUITIN CYCLE AND PROTEIN DEGRADATION

LIbiquitin Activation

\“_‘\‘

Oligopeptides
Chain Ds.assemn\ gwé

DECO'UUQH';WH Degradation

(Deubiquitinating Enzymes)

PP B AMP

Ubiquitinated Substrate
Conjugation 265 Protgasome

Fig 2.2.1: Ubiquitin-Proteasome degradation pathwBgston Biochem © 1998-2005)

2.3 Transcripts

Expression patterns of ten transcripts from the t@mpartments of the
ubiquitin-proteasome cascade, eight ubiquitin kgaand two proteasome
subunits, were investigated in tumour and adjanennal tissue of prostate
carcinoma patients. Tab 2.3.1a-c display transanfairmation and their

involvement in cancer. The transcripts have beenvaho be dysregulated

in various tumours or their functions could be val& in cancerogenesis.
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Symbol

Name

Aliases

Chromosome
location

Function / Role in Cancer

Reference

UBE3A

SMURF2

NEDD4L

HECW1

Ubiquitin protein
ligase E3A

SMAD specific E3
ubiquitin protein
ligase 2

Neural precursor
cell expressed,
developmentally
down-regulated 4-
like

HECT, C2 and
WW domain
containing E3
ubiquitin protein
ligase 1

E6-AP; Human papilloma virus E6-
associated protein; Oncogenic
protein-associated protein E6-
AP;CTCL tumour antigen se37-2; AS;
HPVEG6A; EPVEGAP;
ANCR;FLJ26981

E3 ubiquitin ligase SMURF2;
hSMURF2; MGC138150;
DKFZp686F0270

NEDD4-2; hNedd4-2; KIAA0439;
Ubiquitin-protein ligase NEDDA4-like;
Neural precursor cell expressed,
developmentally down-regulated
gene 4-like; Ubiquitin-protein ligase
Rsp5; RSP5; FLJ33870

NEDL1; HECT type E3 ubiquitin
ligase; NEDDA4-like ubiquitin-protein
ligase 1; KIAA0322

15911-q13

17922-923

18921

7p14.1-p13

E3 ubiquitin-protein ligase. Targets p53, itself, BIk,
TH1 for degradation. Mediates Mcm7, HHR23A
ubiquitination. Over-expressed in breast cancer
compared to adjacent normal tissue. Downregulated
in invasive breast and prostate carcinomas compared
to adjacent normal tissue.

E3 ubiquitin-protein ligase. Targets Smadl, Smad2,
Smad3, Smad7, Smurfl for degradation. Regulates
TGF-R signalling. Plays a role in breast cancer
progression. Overexpressed in oesophageal
squamous cell carcinoma.

E3 ubiquitin-protein ligase. Targets ENaC for
degradation. Mediates Smad2, TGF-I3 type | receptor
degradation. Mediates ubiquitination of itself, TTYHZ2,
TTYH3. Decreased expression in prostate cancer
compared to benign prostate tissue.

E3 ubiquitin-protein ligase. Targets Dvl1 for

degradation. Mediates ubiquitination of mutant SOD1.

Enhances p53 apoptosis.

Bioinfrmatic Harvester; Zwickl and
Baumeister 2002; Huibregtse et al. 1993;
Scheffner et al. 1993; Nuber et al. 1998;
Mishra and Jana 2008, Crinelli et al. 2008;
Oda et al. 1999; Yang et al. 2007; Kiihne
and Banks 1998; Kumar et al. 1999; Deng
et al. 2007; Gao et al. 2005

Bioinfrmatic Harvester; Lin et al. 2000;
Zhang et al. 2001; Fukunaga et al. 2008;
Wiesner et al. 2007; Nakano et al. 2009;
Jin et al. 2009; Fukuchi et al. 2002; Chen
and Matesic 2007

Bioinfrmatic Harvester; Harvey et al. 2001;
Itani et al. 2005; Zhou et al. 2007; Kabra et
al. 2008; Kuratomi et al. 2005; Bruce et al.
2008; He et al. 2008; Hu et al. 2009

Bioinfrmatic Harvester; Miyazaki et al.
2004; Li et al. 2008

Tab 2.4.1a: Transcript information

15



Symbol

Name

Aliases

Chromosome
location

Function / Role in Caner

Reference

CBL

SIAH1

MDM2

Cas-Br-M (murine)
ecotropic retroviral
transforming
sequence

Seven in absentia
homolog 1
(Drosophila)

Mdm2 p53 binding
protein homolog
(mouse)

C-CBL; Oncogene CBL2; CBL2;
RNF55

Seven in absentia homolog; Siah-1;
Siah-1a; hSIAH1; HUMSIAH; Sonic
hedgehog homolog; FLJ08065

Mdm?2, transformed 3T3 cell double
minute 2, p53 binding protein;
Ubiquitin-protein ligase E3 Mdm2;
Mouse double minute 2 homolog;
p53-binding protein MDM2; Double
minute 2, human homolog of, p53-
binding protein; HDM2; HDMX;
MGC71221

11g23.3

16q12

12q14.3-15

E3 ubiquitin-protein ligase. Targets EDF-R for
degradation. Mediates ubiquitination of PDGF-R,
Vav. Participates in IGF-IR ubiquitination. Plays a role
in human tumourigenesis. Associated with gastric
tumourigenesis and progression. May function as
basal cell marker for prostate cancer.

E3 ubiquitin-protein ligase. Targets DCC, itself,
polycystin-1 for degradation. Mediates degradation of
TRB3, synaptophysin, 3-catenin. Down-regulated in
and associated with advanced stages of
hepatocellular carcinoma. Associated wtih gastric
cancerogenesis.

E3 ubiquitin-protein ligase. Targets p53 for
degradation. Targets itself for ubiquitination. Mediates
IGF-IR ubiquitination. Mdm2 is associated with
bladder cancer. Over-expressed in prostate
carcinoma. Associated with prostate cancer growth
and progression. Mdm2 inhibition could provide novel
approach for anti-tumour therapy against human
prostate cancer.

Bioinfrmatic Harvester; Zwickl and
Baumeister 2002; Yokouchi et al.
1999; Levkowitz et al. 1999; Ravid
et al. 2004; Bonaccorsi et al. 2007;
Pennock and Wang 2008;
Umebayashi et al. 2008; Joazeiro
et al. 1999; Ito et al. 2004; Reddi et
al. 2007; Miura-Shimura et al.
2003; Sehat et al. 2008; Kamei et
al. 2000; Knight et al. 2008

Bioinfrmatic Harvester; Zwickl and
Baumeister 2002; Hu et al. 1997;
Hu and Fearon 1999; Kim et al.
2004; Zhou et al. 2008; Wheeler et
al. 2002; Santelli et al. 2005;
Yoshibayashi et al. 2007; Matsuo et
al. 2003; Kim et al. 2004

Bioinfrmatic Harvester; Zwickl and
Baumeister 2002; Honda et al.
1997; Fang et al. 2000; Honda and
Yasuda 2000; Kawai et al. 2003;
Sehat et al. 2008; Shiina et al.
1999; Leite et al. 2001; Zhang et al.
2003; Wang et al. 2003

Tab 2.4.1b: Transcript information
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Symbol

Name

Aliases

Chromosome
location

Function / Role in Caner

Reference

NEDDA4

PSMC4

PSMB5

Neural precursor
cell expressed,
developmentally
down-regulated 4

Proteasome
(prosome,
macropain) 26S
subunit, ATPase, 4

Proteasome
(prosome,
macropain)
subunit, beta type,
5

NEDDA4-1; RPF1; Receptor-
potentiating factor 1; KIAA0093;
MGC176705

Proteasome 26S ATPase subunit 4;
Protease 26S subunit 6; S6; Tat-
binding protein 7; TBP7; MIP224;
MBG67 interacting protein; MGC8570;
MGC13687; MGC23214

Proteasome subunit, beta type, 5;
Proteasome beta 5 subunit; MB1;
Proteasome subunit X; X;
Proteasome chain 6; Proteasome
subunit MB1; Macropain epsilon
chain; Proteasome epsilon chain;
Proteasome catalytic subunit 3;
MGC10214; Multicatalytic
endopeptidase complex epsilon
chain; PSX large multifunctional
protease x; LMPX

15q

19qg13.11-
q13.13

14q11.2

E3 ubiquitin-protein ligase. Participates in ENaC
ubiquitination. Mediates ubiquitination of PTEN, IGF-
IR, CNrasGEF. Paricipates in Melan-A ubiquitination
in melanoma cells. Associated with colorectal and
gastric cancerogenesis. Up-regulated in prostate and
bladder cancer.

ATPase subunit of the Base of 19S regulator cap
complex of the 26S Proteasome that confers ATP
dependency and substrate specificity.

Beta subunit of the Inner ring of 20S core complex of
the 26S Proteasome, accountable for proteolyses.
Over-expressed in breast cancer compared to
adjacent normal tissue. Mutation of PSMB5
associated with bortezomib resistance.

Bioinfrmatic Harvester; Zwickl and
Baumeister 2002; Staub et al.
1996; Abriel et al. 1999; Harvey et
al. 2001; Itani et al. 2005; Wang et
al. 2007; Kim et al. 2008; Sehat et
al. 2008; Pham and Rotin 2001;
Lévy et al. 2005; Chen and Matesic
2007

Bioinfrmatic Harvester; Dubiel et al.
1994; Tanahashi et al. 1998

Bioinfrmatic Harvester; Deng et al.
2007; LU et al. 2008; Oerlemanns
et al. 2008

Tab 2.4.1c: Transcript information
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3. Materials and Methods

3.1 Materials

All materials and solutions were either purchasedRNAse-free state or

treated to deactivate RNAses. Dilutions were maitle RNAse-free water.

3.1.1Chemicals and solutions

DEPC water Sigma-Aldrich, St. Louis, USA

RLT buffer Quiagen, Hilden, Germany

RNA-later Quiagen, Hilden, Germany

Sterile PBS-buffer Dulbecco’s, Invitrogen, Karlsey
Germany

OCT-compound Tissue-Tek®, Torrance, USA

TagMan® Universal Master Mix (2X) Applied Biosystem California,
USA

3.1.2Utensils

Eppendorf Tubes (0.5ml, 1.5ml, 2ml)  Eppendorf, Hamgh Germany

Fast Optical 96-well reaction plates MicroAmp™, Apd
Biosystems, California, USA

Optical Adhesive Covers Applied Biosystems, USA

P.A.L.M. Membrane Slides (P.A.L.M. ® Microlaser
Technologies  AG, Bernried,
Germany)

Pipettes Eppendorf, Hamburg, Germany

Pipette Tipps with filter Eppendorf, Hamburg, @any

Powder-free Latex Gloves HARTMANN, Heidenheim,
Germany / Kimberly-Clarks, USA

Sterile Tubes (15ml, 50ml) Greiner, Germany

Superfrost plus slides Milian, Gahanna, USA

Surgical Disposable Scalpels Braun, Germany
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3.1.3Machines
2100 Bioanalyzer

Agilent, Waldbronn, Germany

7900HT Fast Real-Time PCR System Applied Biosystemsymtadt,

Automatic ice machine

Biopsy Punch

Microscope

Microscope for microdissection

Microtom

Oven
PTC-100™ Peltier-Effect Cycling

Centrifuge

Vortexer

3.1.4Kits

RNeasy Micro Kit (50)

RNA 6000 Pico Reagents Part Il
High-Capacity cDNA Archive Kit

Germany
SCOTSMAN®, Germany
Stiefel, Wachtersburg, Germany
Zeiss, Germany
Zeiss, Germany
2800 Frigocut E, Reichert-Jung,
Germany
Heraeus, Germany
MJ Research, Inc. sBchusettes,
USA
Biofuge 15, Heraeus, Germany
CIRCOMIX, B. Braun, Melsungen
AG, Germany

Quiagen, Hilden, Germany
Agilent, Lithuania
Applied Biosystems, [@arnia,
USA
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3.1.5Assays

Assays on Demand (2X) Gene Applied Biosystems, Qaili&,

Expression Assay USA

Target Transcript Assays (Applied Biosystems, CalilgrUSA)

UBE3A Hs00963673_ml
NEDDAL Hs00969334_ml
NEDD4 Hs00406454_ml
HECW1 Hs01546585_ml
SMURF2 Hs00909283_m
CBL Hs01011446_ml
Mdm2 Hs00234753_ml
Siah1 Hs02339360_ml
PSMC4 Hs01035007_ml
PSMB5 Hs00605652_ml

Endogenous control Assays (Applied Biosystems, @aklfdJSA)

HPRT Hs99999909 ml
GAPDH Hs99999905_ml
TFRC Hs99999911 ml
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3.2 Methods

Changes in the ubiquitin-proteasome pathway werelyzed by
investigating the expression level of eight ubiquiE3 ligases and two
proteasome subunits at the level of transcriptiadiyectly via running real
time RT-PCR on cDNA from corresponding mRNA of the s@ipts. The
methods applied for specimen processing are stdizeéar and routinely
used in the laboratory of the Department of Urolagfythe University
Hospital (UKE). A section of the methods had beescdbed by T.
Schlomm. §chlomm et al. 2005

3.2.1Patient data

Patient data was achieved from a large data baniod@ia) of the
laboratory of the Department of Urology of the Usmsity Hospital.
Urodata consists of patient information with préstearcinoma at different
stages including personal data, medical historgcispens acquired, test
results, therapy/-ies obtained and the follow-up.

The patients selected [Tab 3.2.1] had tumoursaatespT2 or pT3 (TNM-
System) and neither obtained radio-, chemo-, ndatigb hormonal
therapy. The names of the patients were anonyn{sed patient number
T3_003 for patient 003 with tumour stage T3). Epalient had a sample
pair made of its tumour and adjacent normal tigeug patient T3_003 had
a sample pair made of T3_003N for its normal andOD3T for its tumour

tissue).

3.2.2Sample collection

Tissue specimens were obtained from prostate glamdsediately after
radical prostatectomy (2004-2005). After excisiothe gland was
macroscopically inspected. By invisible or impalleatumours, a cut was
made through the mid section of the lateral surfaicthe gland from the
base to the apex. Samples were then taken with a fomoh biopsy

instrument from foci with tumour (visible tumours) areas suspected to be
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cancerous (non visible/-palpable tumours) basegreroperative diagnosis,
systematic 10-location biopsies. The same procedia® used to obtain
normal tissue samples from prospective tumour4feggons of the prostate.
Each sample was immediately stored in a cryo-tulee fwith 1.5ml RNA-
later. This method guarantees an ischemia timesd than three minutes
for each specimen. The samples were stored overraghambient

temperature and then transferred to a -80°C freezer.

Patient-Nr *Age g;;gzu - g(l:%arl:on- glljergson- LN-Status I(Dri;//b\ml) Erneginljl)SA
T2 007 67 pT2a 3+3 6 NX 6.1 0.97
T2 017 65 pT2c 3+3 6 NX 4.01 0.88
T2 022 60 pT2c 4+3 7 NO 7.6 11
T2 023 66 pT2c 4+3 7 NO 5.38 0.53
T2 024 68 pT2c 4+3 7 NO 8.21 1.33
T2 025a 64 pT2c 4+4 8 NO 7.28 0.89
T2 025b 64 pT2c 3+3 6 NO 7.28 0.89
T2 026 63 pT2c 3+3 6 NX 35 0.61
T2 027 54 pT2c 3+3 6 NX 5.56 0.73
T2_029 63 pT2c 3+3 6 NX 9.33 0.82
T2 030 58 pT2c 3+3 6 NX 3.83 0.61
T3 003 59 pT3b 4+4 8 N1 7.14 0.63
T3 004 67 pT3a 3+4 7 N1 24.99 1.55
T3 008 41 pT3b 5+4 9 N1 3.03 0.39
T3 012 65 pT3b 3+4 7 NO 27.43 1.36
T3 013 59 pT3b 3+4 7 NO 3.44 1.16
T3 016 70 pT3a 4+4 8 NO 191 0.75
T3 017 61 pT3a 445 9 NO 13.13 1.67
T3 019 62 pT3a 3+4 7 NO 18.93 1.98
T3 021 54 pT3a 445 9 NO 9.64 0.8
T3 022 63 pT3a 443 7 NX 14.14 0.96
T3 023 62 pT3a 443 7 NO 4.12 0.08

Tab 3.2.1: Patient data: clinical history & tumotnistology (Nr: Number; *: Age at
surgery; LN: Lymph node; NO: no tumour in LN; NLlntour in LN; NX: LN not
analysed)
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3.2.3Cryosections

The specimens in the cryo-tubes were thawed at teamperature. To elute
most of the RNAlater form the tissue, two washinfjSminutes each were
carried out in 10ml pre cooled (0°c) sterile PB3auin an ice bath. These
washings facilitate following procedures like, cigotting and
microdissection as well as microscopic visualisatiwhich are negatively
influenced by RNA-later. The washed specimens warekty refrozen in a
drop of OCT-compound on the holder of the cryo-ntmnoe at optimal
cutting temperature of -25°C. After adequate fregzislices of 5-7um
thickness were made and transferred to Super plastslides. The slides
were then HE-stained and the histology subsequertiuated.

Only specimens with adequate tumour and normaldissere further
processed and cryosections of 10 - 15um thicknese \prepared from
these selected specimens on P.A.L.M. membraness(itie slides were
irradiated for 30minutes in a standard UV-Platantrease adhesiveness
and thereafter backed for 4hours at 180°C in an éwexliminate RNase).
The slides were air-dried on ice for 1minute anbisgguently stained with
cresyl violet acetate. This procedure was carrietl for each patient
collective, made up of tumour and normal tissue.

Cryosections were prepared at precooled temperatarésnder RNAse
activity. Working in cold temperatures ensures fivation of tissue and

environmental RNAse.

3.2.4Staining
Stainings were performed according to standard réboy staining

protocols.

HE-Staining:

HE slides were prepared for histological evaluatianthe microscope. The
slides were successively incubated in the followstgining solutions
shown below [Tab 3.2.4_1].
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Staining solution Incubation time

Aceton 1 minute
Bidestilated water 30 seconds
Haematoxlin 11l (undiluted) 1 minute
Tap water 1 minute
Eosin (0.1% in bidestilated water) 1 minute
80% Ethanol 30 seconds
96% Ethanol 1 minute
100% Ethanol 1 minute
Xylol 2 minutes

Tab 3.2.4_1: Scheme for rapid HE-Staining

After staining, the slides were overlaid with actgland cover slips and air-
dried. Tissue architecture (histology) was then lieated under the
microscope and the slides thereafter preserved omed at room

temperature.

Cresyl violet-Staining:
P.A.L.M. slides were stained after microscopic aa#ibn as shown below
[Tab 3.2.4_2].

Staining solution Incubation time
70% Ethanol 2 minutes
Cresyl violet (1% dissolved in 100% Ethanol) 30 seconds
70% Ethanol 30 seconds
96% Ethanol 30 seconds

Tab 3.2.4_2: Scheme for Cresyl violet — Staining

After staining, the slides were air-dried for 5 otes. All solutions were
pre cooled at -20°C and the entire procedure wasedaoput on ice to
ensure RNAse deactivation. The slides were eithecgased immediately

or preserved in sterile plastic cases at -80°C ter larocession.
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3.2.5Microscopic evaluation

The HE-slides were analysed under the microscop&ufoour and normal
prostate tissue architecture. Screening was seléésometimes controlled
by the supervisor) and later sent to the pathaidgisfinal confirmation.
Tumour grading was carried out based on Gleasorssitlzation.
Specimens with aberrant tumour or normal prostasei¢ architecture were

disqualified.

3.2.6Microdissection

Tissue areas containing only tumour-/ normal ptesiasue were manually
dissected from the prepared cresyl violet staine&flLPM. slides with a
scalpel under a microdissection microscope. Ardagpoto 40mm? were
won. For RNA analysis the acquired tissue was catbén RNA-lysis
buffer (10ul 3-mercapto-ethanol: 1ml RLT buffer) atdred at -20°C.

3.2.7RNA-Isolation and quality control

RNA was isolated from the tissue samples using thed3i micro kit
according to the manufacturers protoq6Total RNA Isolation from
Microdissected Cryosections”12ul of purified RNA were eluated from
each sample and stored at -80°C.

For RNA quality analysis 1ul of the RNA-eluate weppléed. Processing
was carried out with the Total-RNA Pico Kit as imated by the
manufacturer’s protocq'RNA 6000 Pico Assay Protocoland run on the
Agilent 2100 Bioanalyzer according to the programt@eol (“Eukaryote
Total RNA Pico”) The rRNA Ratio [28S / 18S] was used as a measuring
stab for quality control. Only samples with a rRNAtiBanore than 1.5 and
a total quantity of at least 60ng were further pssed. 60ng of RNA were
needed for later RT-PCR processing. Below is an exarhplethe
calculations of the RNA total quantity in the restd1ul eluate [Tab
3.2.7].

25



Measured- . Total RNA
Is-concentration

Sample ID concentration Dilution (1 :...) (ng/ul) quantity in
(pg/ul) 11pl (ng)
T3 _021T 7,088.8 20 141.776 1559.54

Tab 3.2.7: Calculated RNA-Concentration from obeaifRNA 6000 pico Assay-Data

Samples with inadequate RNA quality were disqualiad for those with
insufficient RNA (quantity), the frozen tissue waswled and reprocessed

as above to win more RNA.

3.2.8cDNA synthesis

60ng of the RNA from each selected sample were seveanscribed in a
total volume of 20ng to cDNA using the High-Capa@@NA Archive Kit
in accordance with the manufacturer’s protocol. Master Mix was made
up of the following components [Tab 3.2.8_1]:

Components Master Mix (pl)
10x RT-Puffer 2.0
25x dNTP 0.8
10x Random Primers 2.0
MultiScribe RT Enzym (50U/pl) 2.0
RNase-free water 3.2
Total 10

Tab 3.2.8_1: Master Mix, cDNA-Synthesis (ApplieasBstems)

10ul Master Mix were added to 10ul of each RNA sa(pl 60ng RNA)
[Tab 3.2.8_2] in Eppendorf tubes (20ul total volynend mixed by
repeated pipetting. The tubes were then incubatetiea Thermocycler at
25°c for 10 minutes, at 37°C for 2 hours and theoled down to 4°C. The

prepared cDNA samples were thereafter stored 4C-20
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Volume

. Target- Volume to be .
Is-concentration . . Target- difference
Sample ID quantity withdrawn from
(ng/ul) (ng) eluted RNA (i) volume (ul) (RNase-free
9 H water (ul))
T3 021T 141.776 60 0.42 10 9.58

Tab 3.2.8_2: Calculated RNA-Volume (equivalentiogoRNA) for cDNA synthesis

3.2.9Real-Time qRT-PCR

4,5ul (equivalent to 0,5ng) of cDNA were applied fosingle quantitative
PCR using the TagMan® PCR Master Mix from Applied Bitsgs as
recommended by the manufacturer. The fluorogengMem® probe (Taq
polymerase) is heat-stable and detects specific Puct generation
synchronic (real time) to each amplification cyé#pecific hybridization
between probe and target is required to genenavescent signal).

Three housekeepers (endogenous controls), HPRT, T&RICGAPDH,

were applied. All transcripts were run in duplicate

The reaction mix comprised of the following compotsg Tab 3.2.9]:

Reaction components Volume / Well (ul)

TagMan® Universal PCR

Master Mix (2X) 5.0
Assays on Demand (2X) 05
Gene Expression Assay '
CcDNA diluted in 45
RNase-free water )
Total 10

Tab 3.2.9: Reaction Mix, for gRT-PCR (Applied Bsteyns)

The calibrator (healthy prostate tissue) was obthfinom biopsies of a pool
of 20 healthy probands. RNA-isolation/-quality cahtrand cDNA-
synthesis were performed on the calibrator as destabove.

PCR was run in duplicates on a 96-well plate in tA@0HT PCR system
for 40 cycles following the manufacturer’'s recommi&mon. The plate was
heated for 15 seconds at 95°C for denaturation aotéd for 1 minute to
60°C for primer annealing and extension followed fyorescence
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measurement. The 7900HT runs the PCR in real timéigncase data is
collected throughout the PCR, permitting detectionthe period when
increase in Reporter fluorescent signal is diregitpportional to the
number of amplicons generated (exponential phagbgr than the amount
of target accumulated at the end of the PCR (EndtRo Plateau) as in
case of traditional PCR methods, which is not as igeec[Applied
Biosystems]

Relative quantitation was performed using the comaipar Ct method
(delta-delta Ct method). This method eliminates nieed for a standard
curve and thus the adverse effect of any dilutivare made in creating the
standard curve samples. [Applied Biosystems]

The validity of the comparative Ct method is onlyaganteed when the
amplification efficiency of the target and endogesoreference are
approximately equal (Applied Biosystems guarantessagssumption for its
assays). This method applies the arithmetic funcia ACt [RQ]. [Applied
Biosystems]

AACt = ACt sample ACt calibrator

ACt sample = Ct target — Ct endogene control

ACt calibrator = Ct target — Ct endogene control

Ct target is the Ct value for the target gene ofsamyple or calibrator.

Ct endogene control is the Ct value of the endogened for each sample
or calibrator.

The Ct-value is read from each PCR curve at the posttas it begins to
rise from the baseline, the point where it is cébge the function? This is
done as early as possible as the PCR exhausts withand the curve
approaches the plateau phase.

RQ-values - representing the x-fold quantity of aegivarget mRNA in the
sample compared to the calibrator (set automayiealll) - were calculated
from exported PCR-data (Ct-values) for all tumour @nd normal (N)
tissue samples using the formul&'? - whereas the basis represents the
ideal PCR-efficiency (two generated amplificates pample-DNA per
cycle). The PCR-derived RQ values of tumour (RQ(T)) aodnal tissue

28



(RQ(N)) were then used to calculate RQ (T/N), repnéing the n-fold
transcription of the target transcript in tumoureéfation to adjacent normal
tissue. Calculated RQ(T), RQ(N) and RQ(T/N) were |amployed for
statistical analysis.

3.2.10Statistical analysis

PCR-derived RQ data were employed on Excel and SBSSubsequent
analysis.

The t-test was engaged mainly for verification.sTsiudy did not meet the
assumption for applying the t-test; as not all stigated population
demonstrated gaussian distribution (Kolmogorov-8our tests revealed
that not all derived RQ-values displayed normal dhgtion). Subsequently
non-parametric tests were employed for statistieahluation. Paired
Wilcoxon tests were the primary tests applied tale@ate the change in
level of transcript expression (RQ(T/N)) in tumo&®{(T)) in relation to

adjacent normal tissue(RQ(N)). Further non-paranadtriests employed
were the unpaired Mann-Whitney-U-test and the SpaarRho-test. The
Mann-Whitney-U-test was employed to analyse thierdhce in expression
rate between two variables (tumour stage: pT2 argj @leason score: 0-6
and 7-10). Correlation of transcript expression leetwvinvestigated target

transcripts in tumour tissue was analysed via SpaarRho (bivariate test).

3.3 Software

Software applied in this study include Microsoft 02003, Microsoft
Excel 2003, and SPSS 12.0.
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4. Results

4.1 Sample collection, Cryosections and HE-staining

53 patients were randomly selected from the UrqdGawith tumour stage
pT2 and 23 with pT3 [Fig 4.1.1]. 24 of these pasedemonstrated a
Gleason score 6 (G6) and the rest a Gleason sceré (G7) [Fig 4.1.1].

Cryosections and HE-slides were prepared from cooreding tumour and

normal tissue of all selected patient specimens.

30
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No. of patients

pT2 pT3 G6 G7

W Histological classification m Clinical staging

Fig 4.1.1: Selected patient samples — clinical stggnd tumour histology (pT2: tumour
stage pT2; pT3: tumour stage pT3; G6: Gleason sebre57: Gleason score?)

4.2 Histological evaluation

29 of the 53 sample pairs, 16 with pT2 and 13 wil3, displayed adequate
tumour and normal prostate histology after micrgscaevaluation. Palm
slides were prepared from all 29 sample pairs. diequalified specimens

had either only tumour, only normal or mainly cocines tissue.
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4.3RNA analysis and cDNA synthesis

RNA was isolated from tumour and normal tissue ef #9 samples after
histological evaluation. Following RNA evaluation 22 the 29 sample
pairs, 11 with stage pT2 and 11 with pT3, revealddquate RNA quality
(rRNA Ratio > 1.5) and sufficient RNA material (RNA 3r&) required
for further investigation [Fig 4.3.1; Fig 4.3.2]l11R22 sample pairs were

successfully run for cDNA synthesis and subsegB&R-analysis.
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Corrected RNA Area: 726.90 rRNA Ratio [28S / 18S]: 2.32
RNA Concentration: 6,360.03 pg/ul
# Name Start Time End Time Corr.Area % of total Area
(s) (s)
1 18S 39.99 41.15 91.22 1255
2 288 46.01 48.55 211.31 29.07

Fig 4.3.1: RNA analysis — an example on T2-026T1éAg2100 Bioanalyzer)

31




No. of patients

pT2 pT3

B Gs6 m G27

Fig 4.3.2: Samples applied for cDNA-synthesis a@RFanalysis histology (pT2: tumour
stage pT2; pT3: tumour stage pT3; G6: Gleason sebre57: Gleason score?)

4.4qRT-PCR

The use of GAPDH as a housekeeping gene for diffedleexpression
studies has faced critic. Studies have shown thatexpression of the
GAPDH gene was increased in advanced prostate tenfBondinelli et al.
1997) and changed under chemotherapeutic drugerivaét al. 2006).
HPRT on the other hand has been shown to be suificge a single
endogenous control for data normalisation in tunresearch (deKok et al.
2005, Ohl et al. 2005). deKok et al. 2005 furtheowsed that TFRC (TfR)
presented a very high correlation coefficient faygpate tissue (r2 = 0.97) in
the study comparing different endogenous controfsgene normalisation
measurements. Applying more than one reference ganempasses the
advantage of more accurate normalisation calculatian a single gene
and thus improves the reliability of gene normdima(deKok et al. 2005).

Accordingly PCR data in this study was normalisedtlom endogenous
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controls HPRT and TFRC. Cut-off niveau for significarwas p<0.05. An
example of calculated RQ(T/N) from PCR-derived RQ-galfor PSMC4
is shown in Tab 4.4.1.

Sample ngggr Cleason- | N.stas  RQ(N)  RQ(T) Fé%((T,\})/
T3-003  pT3b  4+4 N1 338450008 3.6332496 1.07346786
T3-004  pT3a  3+4 N1 417034431 2.0076308 0.48140649
T3-008  pT3b  5+4 N1 231272383 1.1023333 0.47663854
T3-012  pT3b  3+4 NO 281757497 3.1860955 1.1307935
T3-013  pT3b  3+4 NO 217324526 4.3147426 1.98539147
T3-016  pT3a  3+4 NO 5.7342627 3.9285352 0.68509858
T3-017  pT3a  4+4 NO 318414713 4.7238266 1.48354532
T3-019  pT3a  3+4 NO 3.60607774 5.4242832 1.50420584
T3-021  pT3a 445 NO 322258631 5.4823939 1.70124038
T3-022  pT3a 443 NX  1.91109501 4.2421055 2.21972507
T3-023  pT3a 443 NO 4.96169653 4.1645829 0.83934655
T2-007  pT2a 343 NX 342027541 57061731 1.6683373
T2-017  pT2c 343 NX 244519496 3.7471078 1.53243725
T2-022  pT2c 443 NO 5.46600394 2.7540409 0.50384906
T2-023  pT2c 443 NO 32271922 42275579 1.30998019
T2-024  pT2c 443 NO 288573636 4.176092 1.44714953
T2-025a  pT2c 443 NO 4.60904227 7.310829 158619265
T2-025b  pT2c 343 NO 325996393 6.6251334 2.03227199
T2-026  pT2c 343 NX 35140994 41655731 1.18538853
T2-027  pT2c 343 NX 615998569 5.6660075 0.91980854
T2-029  pT2c 343 NX 513495986 8.9361351 1.74025413
T2-030  pT2c  3+3 NX  2.68712698 11.659512 4.33902531

RQ(T/N) = YRO(TYRO(N)

22
= 1.44752519

Tab 4.4.1: Calculated RQ(T/N) for PSMC4 normaliged HPRT (RQ(T/N): transcript

expression in prostate tumour compared to adjaoentnal tissue)
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4.5 Transcript expression in Tumour vs Normal tissue

All analysed transcripts could be measured by tresd RT-PCR in tumour

and normal tissues of all samples [Tab 4.5.1]. dlifierence in transcript
expression levels of the various transcripts in #malysed samples is
displayed in Fig 4.5.1. The Wilcoxon test was aguplito analyse the
significance of the difference in transcript exgiea between tumor and
normal prostate tissue [Tab 4.5.1]. Here, threestapts, PSMC4, PSMB5
and NEDDA4L, demonstrated significant up-regulatioh expression in

tumour compared to adjacent normal tissue [Tald4Fg 4.5.1].

Transcript RQ(T/N) Ffb\?/gg\gl)e p aVF;r;ge

HPRT TFRC HPRT TFRC o
PSMC4 1.44752519 1.69018234 1.56885376 0.028 0.026 0.027
PSMB5 1.93023847 2.22326931 2.07675389 0.001 0.001 0.001
CBL 0.9966721 1.07921078 1.03794144 0.249 0.858 0.554
HECW1 4.03811662 6.05025391 5.04418527 0.050 0.050 0.050
MDM2  1.88137563 2.08311161 1.98224362 0.355 0.077 0.216
NEDD4 1.11850741 1.22752684 1.17301712 0.338 0.408 0.373
NEDD4L 2.50125662 3.00693257 2.75409459 0.010 0.012 0.011
SIAH1 1.2819827 1.72419694 1.50308982 0.445 0.758 0.602
SMURF2 1.27116287 1.42283849 1.34700068 0.783 0.527 0.655
UBE3A 1.00688305 1.19421546 1.10054926 0.390 0.783 0.587

Tab 4.5.1: Increase in transcript expression [RQQI/in tumour (p: significance;
RQ(T/N): transcript expression in prostate tumoampared to adjacent normal tissue)
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Fig 4.5.1: Avarage Transcript up-regulation in &limours for significantly upregulated
targets (RQ(T/N): transcript expression in prostatsour compared to adjacent normal
tissue)
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PSMC4 was over-expressed in tumour tissue at 1M87dasplaying a
significance of 0.027 [Tab 4.5.1; Fig 4.5.2]. Theepexpression of PSMB5
in tumour was > 2-fold with a significance of 0.00kb 4.5.1; Fig 4.5.3].

20+

%

o1

Felative Expression
=
1

T |
PSMC4_RO_M PSMC4_RO_T

Fig 4.5.2: Up-regulation of PSMC4 in tumour (RQ_tkanscript expression in adjacent
normal tissue; RQ_T: transcript expression in tumigsue)
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Fig 4.5.3: Up-regulation of PSMB5 in tumour (RQ_tNnscript expression in adjacent
normal tissue; RQ_T: transcript expression in tumigsue)

NEDDA4L was the third of the three transcripts whilisplayed a significant
up-regulation in tumour cells, demonstrating anreasgression of 2.75-
fold with a significance of 0.011 [Tab 4.5.1; Ficp4}].
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Fig 4.5.4: Up-regulation of NEDDAL in tumour (RQ_tanscript expression in adjacent
normal tissue; RQ_T: transcript expression in tumigsue)

4.6 Transcript expression in relation to tumour stage ad histology

The Mann-Whitney-U-test was applied to analysedifierence in level of
transcription in tumour compared to normal tissuwween tumours of
stages pT2 and pT3 (pT_group 2, 3) as well as latioa to tumour
histology, between Gleason scores from 4 to 6 @@l from 7 to 10 (G7).
Only one transcript, SMURF2, demonstrated a highezl lef expression in
pT2 (pT_group2) over pT3 (pT_group3) tumours coradato normal
tissue, displaying a significance of 0.028 [Fig .4]6 The analysis in
relation to tumour histology did not reveal anyrsiigant difference in

transcript expression between the groups G6 and G7.
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Fig 4.6.1: SMURF2 up-regulation higher in pT2-twm®than pT3-tumours when
compared to normal tissue (pT_group2: tumour staf2; pT_group3: tumour stage
pT3; RQ_TvsN: transcript expression in tumour coragdo normal tissue)

4.7 Correlation between investigated transcripts

The Spearman-Rho test was employed to explore theelabon of
expression between the transcripts in tumour cdllsrrelations with
coefficients, r, r<0.3 were considered weak, 0.8<r<moderate and r>0.7
high. All significant correlations were positivedl 4.7.1; Tab 4.7.2].High
positive correlations were found between UBE3A & RSM UBE3A &
PSMB5, UBE3A & CBL, UBE3A & SMURF2 and PSMC4 & PSMB5| al
demonstrating very high level of significancecQ001).
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The transcripts, PSMC4, PSMB5 and NEDDA4L, which destrated

significant up-regulation in tumour cells, showetyndicant positive

correlation with each other [Fig 4.7.1].
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Fig 4.7.1: Positive correlation between PSMC4, PSMBNEDDA4L (RQ_T: transcript

expression in tumour tissue)
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PSMC4 | PSMB5 CBL

HECW1

0.062

MDM2

NEDDA4

PSMC4
PSMB5
CBL
HECW1 Ilii%il
MDM2
NEDDA4L
SIAH1 Iliﬁi'l
SMURF2
UBE3A

NEDD4L

SIAH1

SMURF2

UBE3A

Tab 4.7.1: Significance of transcript correlatiantumour (value in box significance, p. Highlighted box significant correlation)



PSMC4 | PSMB5 | CBL | HECw1 | MDM2 | NEDD4 | NEDD4L | SiAH1 | SMURF2 | UBE3A
PSMC4
PSMB5 | 0]
CBL
HECW1 | ik
MDM2 0.263
NEDDA4L 0156 | 0256 | 0270 | 0.117
SMURF2 0.159
T 0776 0701 0744

Tab 4.7.2: Correlation coefficient of transcriptstumour (value in box correlation coefficient, ¥# = high correlation, 0.3>r<0.7= moderate correlation,
r<0.3 = weak correlation. Highlighted box significant correlation)
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5. Discussion

Three of the investigated transcripts, PSMC4, PSMEBDDA4L, showed
significant up-regulation in tumour compared toaagéjnt normal tissue of
prostate cancer patients. Their impaired expresssuggests their

involvement in prostate cancer pathophysiology.

The critical role played by the ubiquitin-proteasomrotein degradation
system in cell cycle regulation, transcription, ljjepation, apoptosis and
regulation of tumour suppressor genes makes itrgettfor oncogenic
mutation. Aberrations of this intricate regulatorgscade would induce
oncogenic effects, inhibit tumour suppression #gtigsnd evade apoptosis,
thereby enhancing malignancy. (Hanahan and Weinb@d@; Devoy et al.
2005; Mani and Gelmann 2005)

PSMC4 and PSMB5 are members of the two complexesegbritteasome
responsible for recognition and up-take of ubigquitagged substrates into
the proteasome (19S regulatory complex) and theirP-Alependent
proteolysis (20S core complex) respectively. PSM@d 8SMB5 were

over-expressed at 1.57-fold and 2.08-fold and #rrtldemonstrated
significance of 0.027 and 0.001 respectively. Caxgoression of these
genes would enhance proteosomal degradation of swrmeal cellular

regulatory proteins including tumour suppressionegeand modulators of
apoptosis, consequently inhibiting tumor suppresstivity and limiting

apoptosis. PSMB5 has been shown to be up-regulatdatemst cancer
tissue compared to adjacent normal tissue andnthibiiion of its activity

was believed to be a useful method in human bezaster treatment (Deng
et al. 2007). Targeting the proteasome system &orcer therapy has
already been demonstrated with bortezomib, (Velc&%#341), the first
proteasome inhibitor to have undergone clinicallgriwhich confers anti-
cancer activity in both solid and haematologic graincies. It has been

approved for the treatment of advanced multipleloiwpa and is in ongoing
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clinical trials for other haematological and sdiiomors including prostate
cancer. (Mitsiades et al. 2005; Roccaro et al. 2B06)easome inhibitors
induce apoptosis and in vivo confer anti-tumouriceify, as well as
sensitise malignant cells and tumours to pro-apagdftiects of conventional
chemotherapeutics and radiation therapy. (Voorkeas 2003; Burger and
Seth 2004) Recent findings have further shown tHe of oncogenic
mutations in tumourigenesis. Mutation of PSMB5 awneéreexpression of
mutant PSMB5 have been implicated with resistaneetds bortezomib.
(LG et al. 2008; Oerlemanns et al. 2008) The figdimbove affirm the
postulation of PSMB5 participation in prostate @oegenesis. Selective
intervention of PSMB5 activity could provide a udeépproach for the

treatment of human prostate carcinoma.

NEDDA4L (Nedd4-2) was over-expressed in prostateotuncells at 2.5-
fold. It regulates diverse cellular processes likgcretion, plasma
membrane channel regulation, protein catabolismTagB-beta signalling.
NEDDA4L targets ENaC for degradation, TTYH2, TTYH3daitself for

ubiquitination and negatively regulates TGF-R3 sligmga by targeting TGF-
3 receptor type | and Smad2 for ubiquitination dedradation [Fig 5.1].
(Bioinformatic Harvester; Harvey et al. 2001; Itatial. 2005; Kuratomi et
al. 2005; Zhou et al. 2007; Kabra et al. 2008; iHale2008; Bruce et al.
2008) The up-regulation of NEDD4L would suggesthieigtagging of its
substrate proteins for ubiquitination and subsegudggradation, thus

decreasing protein level of its substrates.
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Fig 5.1: NEDDAL target substrates and function

ENaC is an amiloride-sensitive epithelial sodiumroied that controls fluid
and electrolyte homeostasis and its trafficking awctivity is negatively
regulated via NEDDA4L. (Bioinformatic Harvester; Hayvet al. 2001; Itani
et al. 2005; Zhou et al. 2007; Kabra et al. 2008higher expression of
NEDDA4L would induce a further reduction in ENaC-lewnd activity.
ENaC action in blood pressure regulation and dewvedoy of hypertension
via ENaC-dependent sodium and fluid regulation haslely been
investigated (Harvey et al. 2001; Dunn et al. 20B2isso et al. 2005;
Umemura et al. 2006). The role of NEDD4L-dependeNaC degradation
in prostate physiology has yet to be explored.

TTYH2 and TTYH3 belong to the family of tweety peots which function
as chloride ion channels. TTYH2 over-expressioasisociated with cancer
progression and has been shown to be up-regulatedion and renal cell
carcinomas. (Bioinformatic Harvester; Rae et al. 20@lyama et al. 2007;
He et al. 2008) Their function in prostate physgylohas yet to be
investigated.

An interesting observation was made by Hu et &092. They showed that
NEDDA4L-expression was decreased in prostate caimapared to benign

prostate hyperplasia and that the decreased exmpiess NEDDA4L
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correlated with higher Gleason score. Level of egpion in this study was
compared in prostate cancer cells of moderate Giteasore (3 out of 22
specimens with Gleason score 4+4 and 3 others4aiff) against adjacent
normal tissue. This may suggest that in the prooé$smourigenesis the
expression of NEDDA4L is run lower compared to tlemign prostate but
that this expression is yet held higher in the eamas cells compared to the
“still” normal prostate cells (adjacent normal egllin the prostate of
carcinoma patients. Investigating the expressiorelleof NEDDA4L in
prostate cancer cells against normal prostate @liacent to cancer cells),
PIN cells, BPH cells and healthy prostate cells wdaridg more light to
this postulation and also provide better understendh prostate cancer
biology.

NEDDA4L regulation of TGF-B signalling presents a&t the role most
implicated with tumourigenesis. TGF-R (TGF-3 1pipleiotropic growth
factor that controls cell proliferation, differeation and apoptosis [Fig 5.2].
It functions as a tumour suppressor of the prostate maintains epithelial
homeostasis in the prostate by inhibiting cell fechtion, stimulating cell
differentiation and inducing apoptosis. (Bioinforncaklarvester; Cullig et
al. 1996; Lee et al. 1999; Wikstrom et al. 2000kRs al. 2003; Yang et al.
2009) At the same time, TGF-R demonstrates oncogeawtivity in
malignant prostate. It is over-expressed in prestancer with even higher
expression in metastatic carcinoma. In malignaostate TGF-3 enhances
cancerogenesis via tumour growth promotion, inducif angiogenesis,
promotion of extracellular matrix modification andhibition of host
immunosuppression. (Lee et al. 1999; Wikstrom|e2@00; Park et al.
2003; Kaminska et al. 2005; Perttu et al. 2006) A3teceptor type | binds
to TGF-[3 to transduce TGF- signal from the cetlage to the cytoplasm.
The binding of TGF-B to its receptor induces compfermation of
receptor-regulated Smads 2/3 with Smad 4, whidhnaisslocated into the
nucleus to bind DNA and regulate transcription qfedfic genes.

(Bioinformatic Harvester; Kaminska et al. 2005)
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Fig 5.2: TGF-B in healthy and malignant prostate

Smad2 belongs to the family of SMAD proteins thandtion as signal
transducers and transcriptional modulators. Smad@diates signal
transduction of TGF-3 and so regulates TGF-3- iaduapoptosis, gene
expression, cell proliferation and differentiatidh.is also phosphorylated
by TGF-3 receptors upon response to TGF- sigribinformatic
Harvester; Yang et al. 2009) Yang et al. (2009)gssythat Smad2 plays a
role in tumour suppression in basal epithelium dfe tprostate.
Consequently, Smad2 may play a role in prostatarsagenesis via TGF-I3
regulation. Phosphorylated Smad2 (p-Smad2) showerkdsed expression
in prostate cancer, primarily in malignant cellsGeason grades 3 and 4,
while cancer cells of Gleason grad 5 demonstratee higher expression.
(Perttu et al. 2006) A difference in NEDDA4L expiiessin cancer cells of
moderate Gleason score 6) and higher Gleason score {) was not
demonstrated in this study. A higher case number regeal a change in
expression level of NEDDAL in cancers of differ&leason score. The up-
regulation of NEDD4L in malignant prostate cellsultb explain the
decrease in Smad2 expression in prostate carciféiga5.3]. TGF-3
receptor type | showed decreased expression intgpeogancer, which
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provides tumour cells growth advantage over bemgrstate cells. The
down-regulation of TGF-[3 receptors and over-expoes®f TGF-I3 is
associated with poorer prognosis. (Lee et al. 199&ksrom et al. 2000;
Park et al. 2003; Shariat et al. 2004) Shariatl.e(2804) further suggest
loss of TGF-I3 receptor | as a prognostic markepatients with prostate
cancer. Kaminska et al. (2005) reported that inioibi of TGF-3 action
suppressed tumour viability, migration and meta&sgtasn mamma
carcinoma, melanoma and prostate cancer modelwatttef reported that
TGF-[3 inhibition could provide a novel approachiaman cancer therapy.
Earlier suggestions held that, manipulations in H@F-3 signalling
pathway could elucidate novel therapeutic stratedoe prostate cancer.
(Lee et al. 1999; Wikstrom et al. 2000) Kuratomakt(2005) showed that
transcriptional activity of TGF-3 was inhibited dmgh NEDDA4L over-
expression. Wikstrom et al. (2000) also reporteat fhrostate cancer cells
acquire resistance to anti-proliferative and progptic effects of TGF-3
via down-regulation of TGF-3 receptors (type I, The up-regulation of
NEDDA4L in prostate carcinoma would induce a highate of TGF-I3
receptor | targeting and subsequent degradation¢chwborrelates with
decreased quantities of TGF-[3 receptor type | ostate cancer cells and
thus support the effect of higher negative regofaiof TGF-3 signalling
through NEDDA4L up-regulation and subsequent los3 ®F-3 protective
function [Fig 5.2; Fig 5.3]. The over-expressionl@F-3 in prostate cancer
could be a response of malignant prostate celthdéodown-regulation of
TGF-3 receptor |. The effect of NEDDA4L in TGF-RBreading via Smad2
and TGF-3 receptor type | degradation depicts tle of NEDDAL in

prostate cancerogenesis [Fig 5.2; Fig 5.3].
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Fig 5.3: NEDD4L and TGF-R3 signalling in malignarrbgtate

Androgen ablation is a well established and pradtitorm of (hormone)
therapy for prostate carcinoma. (Hanno, Malkowiazd aWein 2005;
Hautmann and Huland 2006) Qi et al. (2003) dematestran up-regulation
of NEDDA4L in prostate cancer cell lines (LNCaP) bgdegen and
suggested a potential role of NEDD4L in androgetioacand prostate
physiology. Increased expression of NEDD4L by agdro(Qi et al. 2003)
would induce higher degradation of Smad2 and TGfedeptor | and
subsequently lead to recession in TGF-3 activityictvwould in turn lead
to decrease in TGF- tumour suppressor activitgs(lapoptosis, less
differentiation, less inhibition of proliferationhecessary for normal
prostate growth and physiology. This effect of aggn on NEDDA4L
regulation via TGF-3 signalling provides opportynifor oncogenic
mutation and may explain androgen action in prestarcinoma. On this
note, androgen ablation would imply down-regulatieh NEDD4L and
enhancement of TGF-[3 tumour suppressor activityichvimay explain
tumour regression under androgen ablation in ardr@lgpendent prostate
carcinoma. NEDDA4L-dependent regulation of TGF-Mailing thus may
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disclose a mechanism of androgen action in prostatdogy and
therapeutic action of androgen ablation in andradggpendent prostate
carcinomas. These sum up to reinforce the role BDN4L in androgen
action in prostate biology and the involvement dEMND4L in prostate
tumourigenesis. The important role of NEDD4L in TGFsignalling
supports the postulation that manipulation of NERDzbuld elucidate a

novel therapeutic strategy for prostate carcinamattent.

One transcript demonstrated significant differenteexpression level at
different tumour stages. The specimens examineé weuped in tumour
stages pT2 and pT3 (pT_group 2, 3) and histologia#terns with Gleason
score< 6 (G6) and Gleason score7 (G7). SMURF2 displayed a higher
rate of over-expression in pT2 tumour. This woulggast that different
protein levels of SMURF2 are required at differetdges of tumour
progression. SMURF2 is also a negative regulatof ®F-3 signalling. It
targets Smads 1, 2, 3 and 7 as well as Smurfl boguitination and
degradation. Its up-regulation would imply increhsegative regulation of
TGF-3 signalling. The over-expression of Smurf2 prostate cancer

compared to adjacent normal tissue was howevesigoificant.

The three transcripts which demonstrated significap-regulation of
expression displayed significant correlation of reggion with each other in
tumour tissue. Correlation between PSMC4 and PSMB5 ivgh.
Correlation of NEDD4L with PSMC4 and PSMB5 was moderdieis
suggests that increased ubiquitination of NEDD4Lbssuates also
experience increased degradation. The effectstadresed degradation have
been discussed above. UBE3A also demonstrated higtelation of
transcript expression in tumour cells with PSMC4 MBS, CBL, and
SMURF2. The over-expression of UBE3A, CBL and SMURF2umour
tissue was however not significant. Up-regulatidnHECW1, MDM2,

SIAH1 and NEDD4 in tumour did not demonstrate digance as well.
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NEDD4, CBL, UBE3A and MDM2 have demonstrated alteragi in

expression in prostate carcinoma as well as inrathecers. SMURF2 and
SIAH1 also revealed change in expression in divetsaan cancers. These
transcripts all displayed up-regulation of expressin prostate tumour
compared to adjacent normal tissue. Absence offsignce of transcript

expression in this study does not imply that theression of these
transcripts is not altered in prostate carcinomankning a larger cohort
may reveal changes in transcript expression andrgem@s a more

significant covariate.

Further examinations investigating expression aitens of NEDD4L and
its target substrates in healthy, normal and mahgmprostate tissue of
increasing tumour stage and Gleason score wouldideoadditional
information on the role of NEDDA4L in prostate candermation and
progression as well as prostate biology. The etdédEDD4L-dependent
ENaC degradation as well as the outcome of NEDD4LT®RY2 and
TTHY3 degradation in the prostate (prostate bioJogprostate
cancerogenesis) could also be examined. Furtherntbee possible
correlation of NEDDA4L expression with tumour aggresness via TGF-I3
regulation could be elaborated and could providmel diagnostic factor
for aggressive prostate carcinoma, which could pbssict as a prognostic
marker. The effect of PSMB5, NEDD4L modification (RB85/NEDDA4L
inhibition) on tumour growth / size could providsedul information on

possible therapy concepts for prostate cancermatie

This study was carried out on a small tumour cohod acts as a screening
study, in which behavioural patterns of single $@ipts were examined
with the goal of finding out which transcripts ratexpression alterations
and so provide basic knowledge of functional medms of these
transcripts in prostate carcinoma and prostateogiohs well. Information
from this study makes it then possible to run sdaoy investigations on

those transcripts which could act as diagnostickeraras well as those
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which could provide novel therapy approaches favsfate carcinoma.
These additional examinations would however regaineuch larger cohort

of tumours and healthy tissue to enable high sizdisstandards.
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6. Summary

The profuse cellular processes controlled by théguitin-proteasome
degradation network make it a target for diversendéwn pathologies

including cancerogenesis. (Devoy et al. 2005; Madi Gelmann 2005)

Aberrations in the UPP were investigated by conmgaritranscript
expression patterns of ten members of the systehwpg in tumour and
adjacent normal tissue of prostate carcinoma patieaeight of these
transcripts are ubiquitin E3 ligases (UBE3A, NEDDECGW1, SMURF2,
CBL, MDM2, SIAH1) and the other two, PSMC4 and PSMBBlong to
the two major components of the proteasome, the rég8lator and 20S

protease core respectively.

Three of the transcripts investigated, PSMC4, PSMBE AEDDAL,
demonstrated significant up-regulation of exprassio cancer cells
compared to adjacent normal prostate tissue. Tdysregulation display
the potential role of these transcripts in prostateourigenesis and
progression. This study elaborated on the potemteadhanism of NEDDA4L
action via regulation of TGF-I3 signalling in prdstacancer pathogenesis
and further discussed the role of NEDD4L in androgetion in the
prostate. In addition, selective intervention inMVE®S and NEDDA4L action
could provide novel therapeutic approaches fortitneat of human prostate

carcinoma.
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