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ABSTRACT

Prostate cancer is the most common cancer in meénh@nsecond leading cause of
cancer-related death in western world. Typicalg treatment of advanced and metastatic
prostate cancer consists of castration therapyctwhuppresses the development of the
disease for 2 years in average. Virtually all pae undergoing androgen deprivation
therapy eventually develop castration-resistantstate cancer. Currently, only taxane
class of drugs has been proven to provide showrivalradvantage in patients with
castration-resistant prostate cancer. This fornthef disease is the cause of significant
morbidity, resulting in long periods of gradual el@ration of patients’ condition, pain
related to local extension of the tumour and distartastases, renal failure due to the
invasion into the ureters etc.

Castration resistance allows prostate tumours togrpss despite androgen
deprivation. Several mechanisms have been descrihglhing the nature of molecular
pathways, employed by prostate cancer cells inraeroliferate and migrate in low
androgen environment. Hormone-sensitive prostatearecells rely on androgens for their
growth needs with androgens acting through the cgaar receptor (AR). In castration-
resistant prostate cancer AR can be activated dycexl concentrations of androgens, AR
antagonists, protein kinases or bypassed altogdiietailed knowledge of these processes
should allow better understanding of molecular graf, driving the progression of
prostate cancer and, ultimately, could lead todéneelopment of novel molecular targeted
therapies.

Molecular pathways, implicated in the developmenntastration-resistant prostate
cancer frequently show cross-talk, resulting in #ility of cancer cells to adapt to
changing microenvironment. Inhibiting the proteifagilitating these cross-talks provides

an attractive targeting mechanism. Src family oh-neceptor tyrosine kinases (SFK)
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represent proteins involved in the developmentafous solid malignancies, including
prostate cancer. These proteins are often foundthen cross-roads of intracellular
pathways, integrating molecular systems into compignalling networks. SFK interact

with receptor tyrosine kinases, G-protein coupkeckptors, motility and adhesion factors
and, thus, influence multiple cell functions. Inogtate cancer, SFK have been
demonstrated to form complexes with AR, activatiAqR by means of tyrosine

phosphorylation.

SFK inhibitory compounds have been developed ardnaw in Phase Il clinical
trial in patients with castration-resistant prostaancer. However, there is considerable
lack of data regarding the role of SFK expressiad activation in prostate cancer in
clinical settings. In this thesis, we studied tbke of SFK in prostate cancer using matched
paired prostate cancer samples, taken from patients to castration therapy being
administered and following the development of @dgin resistance. Using paired tissue
specimens allows following molecular changes thhotlge natural history of the disease
and correlating these changes with various clirpeahmeters. We also conductadsitro
experiments, employing hormone-sensitive LNCaPloeland its counterpart, castration-
resistant LNCaP-SDM cell line, developed by graduhdrawal of androgens from the
culture medium.

Our main finding is that in a subgroup of prosteémcer patients, the increase in
SFK activity in the transition of prostate cancesnfi hormone-sensitive to castration-
resistant state is associated with significant @@se in survival (p<0.0001). Furthermore,
the presence of bone metastases in patients wstinatian-resistant prostate cancer was
associated with higher SFK activity in prostatsues specimens. Our vitro experiments
have demonstrated that in prostate cancer theiamthip between SFK and AR are
important as androgen deprivation resulted in figamt reduction in SFK activity. Using

SFK inhibitor dasatinib, we have shown that in patescancer cell lines, SFK activity was
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inhibited at low nanomolar concentrations. Inhinitiof SFK activity was accompanied by
the inhibition of downstream protein FAK at Src-sifie phsophorylation site. Although

the treatment with SFK inhibitor suppressed migratf both LNCaP and LNCaP-SDM
cell lines, only proliferation of LNCaP-SDM cell waffected by dasatinib.

Taken together, our date suggests that SFK inhgbitbay have a role in the
treatment of castration-resistant prostate camtewnever, important considerations should
be given to the molecular heterogeneity of prostaacer in order to improve the
outcomes of clinical trials and the response tattnent. There is considerable evidence
that SFK inhibitors suppress prostate cancer amligration and future studies will

hopefully further clarify their role in cancer ceroliferation.
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1.1 SFK in Cancer

111 Discovery and Evolution of Knowledg

Almost one hundred years passed since the disc@feaysarcoma virus by Peyton
Rous at the Rockefeller Institute in New York. Hedsed tumours developed by chickens
of Plymouth Rock breed, which on microscopic exaton were found to be sarcomas.
When the tumours were removed, homogenised arefefilt Rous was surprised to
discover that if the filtrate was injected into #rer chicken of the same species, a similar
tumour started to grow. Thus, Rous concluded that rmhalignancy was caused by a
filterable agent and published the findings in fleairnal of Experimental Medicine in
1911 (1). However, due to the controversy surrtmumthe issue of cancer being caused
by a known agent it was not until 1950s when alainstrain of virus was found to induce
sarcoma in mammals that intensive research onojhie tesumed. Several decades later
light was shed on the retroviral features of Roasc&ma Virus (RSV), as it was then
called, and its genetic makeup. Finally, the tramafng gene v-src, responsible for the
malignant properties of RSV was identified and semed in the laboratory of Mike
Bishop in late 1970s (2).

In 1969 Huebner and Todaro postulated that thes adllvertebrates contain viral
genes or oncogenes that are under certain circaoestdransformed and, when activated,
could stimulate the cells to behave in a maligrashion (3). However, it was later found
that normal cellular genes when induced by viruses)d gain malignant potential and,
therefore, they are termed ‘proto-oncogenes’. Onhe first proto-oncogenes identified
by Bishop and Varmus was c-src (4), cellular edentaof v-src, this discovery earned

them the Nobel Prize. The product of c-src gen8yacprotein was found to possess

22



protein tyrosine kinase activity and, furthermoceSrc itself was demonstrated to be
phosphorylated at tyrosine residues (5). Two dexdater and a considerable amount of
work that followed gave insight into the complexauntar structure of c-Src protein, which
was shown to consist of several domains involveddnous inter- and intramolecular
interactions (6). It was discovered that c-Src santch between inactive and active state
depending on which of two tyrosine residues aresphorylated, tyrosine 4°, located on
the carboxyl terminal of the protein or tyrosine?¥ of the amino-terminal (7:8).
Following identification of c-Src as a tyrosine &se, multiple substrates and downstream
signalling proteins were identified, including fb@dhesion kinase (FAK) (9), mitogen-
activated protein kinase (MAPK) (10), phosphatidgsitol 3-kinase (PI3K) (11) etc. As a
result of multiple molecular interactions c-Srctélain the text referred to as Src) plays a
role in multiple cellular functions that includegtiferation, adhesion, migration and cell

cycle progression (12).

1.1.2 Structure and Activation

Nine non-receptor protein kinases: Src, Fyn, Ydk, Brk, Fgr, Hck, Lck and Lyn
with similar structural features to Src, make up fimily kinases. Src, Fyn and Yes are
ubiquitously expressed in all tissues whereas kipeession of others may differ (13). So
far, four SFK members have been implicated in theetbpment of prostate cancer in its
progression to hormone independence: Src, Lyn, &yd Fgr (14-17). Due to the
similarity of the amino acid sequences and, assalttecross-reactivity of antibodies, all
family members are usually studied together ang nalv we are beginning to unravel the
functional differences between them (18;19). Sapataockout of Src and Lyn by siRNA
in PC3-derived prostate cancer cell lines revedhad these SFK members may play

different roles in prostate cancer. While inhihitiof Src affected primarily migratory
23



properties of prostate cancer cells, suppressionynfwas responsible for inhibition of
proliferation (18).

High resolution crystallographic analysis reveatednplex 3-dimentional structure
of Src protein, which is a prototype of other fammembers (20). Src consists of four
domains Figure 1). a unique to each family member domain, two Smdlogy (SH)
domains SH3 and SH2, kinase domain, containingsiyeo Y'*° (avian equivalent -
tyrosine Y and carboxy-terminal negative regulatory domaamtaining tyrosine ¥,
which is mutated in v-Src making it constitutivedgtivated. In addition, the molecule
contains amino-terminal myristoylation sequencesessary for the association of the
protein with cellular membranes.

Several mechanisms of Src activation have beerribedc When tyrosine %’ of
the negative regulatory domain is phosphorylated48rc kinase (Csk) the molecule is
folded preventing its’ association with substraté&l). Following tyrosine ¥’
dephosphorylation by protein tyrosine phosphatiS#s, becomes autophosphorylated at

tyrosine Y allowing the protein to unfold and assume catedyty active conformation.

24



416 2T

||SH3! SH2

416

"ISH3| SH2

Figure 1. The domain structure of c-Src and v-Src pteins. Adapted from Frame
(13). For comparison, viral (v-Src) and cellular (eSrc) structures are presented. Src
molecule is made up of several domains: U — unique each family member domain
with amino-terminal myristoylation sequences (M), & homology 2 and 3 domains
(SH2 and SH3), kinase domain with tyrosine ¥°as an activation marker (aviav
equivalent tyrosine Y*'% and negative regulatory domain (R), containing tyosine
Y>%* (avian equivalent tyrosine Y’?%), which is absent in viral Src making it

constitutively activated.
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Once Src unfolds, it becomes available for theramion with various docking
substrates that, in turn, can activate Src by -imtodecular displacement. Another
mechanism of Src activation, called intracellulargeting, involves physical transfer of
inactive Src from peri-nuclear region to the ceimbrane, where it forms complexes with
other proteins regulating various important cefidtions including adhesion, invasion and
migration (22). Finally, other mechanisms regulgti@rc function in cancers include

increased expression, naturally occurring mutati(2®) as well as post-translational

events e.g. altered ubiquitin-dependent degradé®on
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Figure 2. Mechanism of Src activation. Adapted fromMartin (25). In its basal state,
Src molecule is kept folded by intramolecular consgins. Activation involves
phosphorylation of tyrosine Y*'®in the kinase domain and dephosphorylation of
tyrosine Y>?’in the negative regulatory domain, allowing the mizcule to unfold and

assume catalytically active conformation.
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1.1.3 Cellular Processes Controlled by SFK

Involvement of SFK in multiple intracellular moldau networks explains the role
SFK play in various cell functions. Although coresidble evidence implicating SFK in
adhesion, migration and invasion exists, their mlproliferation is less well determined.
Cell movement is a complex well coordinated prodesslving weakening of cell-cell
bonds, formation of protrusions and their attachimierextracellular matrix (ECM) in the
leading part of the cell, cytoskeletal reorganmatpropagating the body of the cell
forward and detachment of the cell at the rear &nd.is a key component in adherence
junctions and focal adhesion complexes, regulatieigs motility by disrupting cell-cell
contacts and increasing focal adhesions turnov@r Regulation of invasive properties of
cancer cells by Src is achieved by inhibition oflfeerins (proteins stabilising cell-cell
junctions), increasing degradation of cadherin demgs and regulation of matrix
metalloproteinases (MMP) (27;28).

Tumour growth depends on the balance between eralibn and apoptosis and
SFK may play a role in both processes. Followirigngation by growth factors, Src
becomes activated integrating signals into prdaiige and anti-apoptotic cascades e.g.
Ras/MAPK and PI3K/Akt. In addition, other importgirbcesses are influenced by Src, in
particular induction of DNA synthesis and cell y@rogression. Thus, although the role
of Src in cancer cell proliferation remains contmsial, SFKs may regulate different
stages of tumour growth in different tissues anel ¢énd result probably represents the

cumulative effect of these processes (12).
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1.2 SFK Molecular Interactions in Prostate Cancer

Prostate cancer is the most common malignancy mlimeag in the Western world
and the second, after lung cancer, leading causarmfer-related death. The number of
new prostate cancer cases in the US in 2009 iegieg) to be in the region of 192,280,
which will make up 25% of all new cancer cases .(Zg)proximately 27,360 prostate
cancer patients will die in 2009 in the US, witHyotihe number of deaths due to lung and
bronchial cancer exceeding prostate cancer-relatedality. In the UK, 35,515 patients
were diagnosed with prostate cancer in 2006 ar2D@Y there were 10,239 deaths related
to prostate cancer (30). Prostate cancer incidéaseracial and geographical variations
with men of african-american origin suffering frothe highest rates of the disease,
whereas east-asian men have the lowest incidence.

When prostate cancer is suspected on clinical enaion or following prostate
specific antigen (PSA) testing, the trans-rectafasbund scan (TRUS) biopsy of the
prostate is performed and histological assessmérgrastate tissue is conducted to
confirm the diagnosis. The management dependseomdlividual patients’ condition, co-
morbidities as well as the grade and the stageadtate cancer. Organ-confined disease
can be treated with radical surgery or radiotherafereas locally-advanced or metastatic
disease is managed using androgen-deprivationpendnich is also used in neo-adjuvant
settings. Most of the patients, to whom the radtoahtment is administered, are cured,
although approximately a third develop prostatecearrelapse and, therefore, require

androgen-deprivation therapy.
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1.2.1 Castration Resistance in Prostate Cancer

Androgen-deprivation therapy has been the mainsthyocally advanced and
metastatic prostate cancer treatment over thefilastdecades (31). The concept of this
treatment is based on the fact that androgensagtaycial role in promoting proliferation
and migration of prostate cancer cells while intimigi apoptosis. Androgen-deprivation
therapy can be administered in the form of surgatration, gonadotropin-releasing
hormone (GnRH) receptor agonists or androgen rec€pR) antagonists. However, the
effect of androgen ablation only lasts for 2 yeiarsaverage, following which prostate
cancer patients invariably develop castration tastsprostate cancer (CRPC). Currently,
there are no effective therapies for this typerosfate cancer.

Several mechanisms, traditionally described asvgmth, have been implicated in
the development of CRPC (32). Prostate cancer n&dlg adapt to a low level androgen
environment by increasing the expression of ARsdasing sensitivity of AR to androgens
and stimulation of intracellular conversion of tegerone to a significantly more potent
androgen dihydrotestosterone hyfeductase (33). This mechanism is frequently reter
to as the hypersensitive pathway. AR could alsoolmec susceptible to activation by
various non-androgen steroids and androgen antstgo(promiscuous pathway), non-
steroidal molecules, such as growth factors (oupathway) or prostate cancer cells may
develop molecular cascades bypassing AR altogébygass pathway) (34-36). Finally,
prostate tumours are thought to contain stem @etesviously known as lurker cells) with
the potential to differentiate into heterogeneoopytation, frequently found in CRPC

specimens, whilst maintaining self-renewal (37).
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Figure 3. Mechanisms involved in the development &RPC. Adapted from

Feldman et al. (32) Pathways involved in the development of CRPC are psented.
Hypersensitive pathway — increase in sensitivity ttow concentration of androgens by
amplification of AR, promiscuous pathway — AR is dtnulated by corticosteroids,
anti-androgens etc., outlaw pathway — AR is activad via different other routes e.g.
phosphorylation by tyrosine kinases and bypass patiray, where AR is bypassed
altogether. Lurker cells represent a population oundifferentiated (stem) cells that

are thought to develop into cancer, already adaptetb low androgen environment.
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1.2.2 Interaction of Androgen Receptor with SFK

In prostate cancer AR signalling typically involvesding of androgens to the
receptor located in the cytoplasm, dimerisationtheff receptor, its translocation to the
nucleus and activation of the transcriptional appes resulting in multiple biological
events (38).

Although previously the role of the AR in prostatancer had been regarded
primarily as a ligand-dependent transcription factecently there has been much interest
in studying non-genotropic properties of the recepAR could be integrated into the
network of signalling pathways by forming physiaadsociation with tyrosine kinases,
including Src, or responding to growth factors siiation (39). Proline-rich sequences of
AR have been shown to display affinity for SH3 damaf Src, so that the resulting
complexes release Src intra-molecular constranis;ading the tyrosine kinase. Androgen
stimulation acted as a trigger for the AR-Src carpormation, which was followed by
activation of Src/Raf-1/Erk-2 pathway and, as allteghe increase in prostate cancer cells
proliferation. Application of androgen antagonisgpression of Src lacking SH3 domain
and treatment with Src inhibitor prevented androggmulated S-phase entry resulting in

cell-cycle arrest (40).
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Figure 4. Action of androgen receptor in prostate ancer. Adapted from Suzuki et al.
(38). Testosterone, converted to DHT bydbreductase, stimulates AR located in
cytoplasm in complexes with Hsp. Dimerised AR thetranslocates into the nucleus,
where it form complexes with co-factors (ARA) in oder to activate androgen
responsive elements (ARE) regions of DNA. The en@sult — the increase in prostate

cancer cells proliferation and production of variows proteins, including PSA.
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Differentially expressed in ovarian cancer-2/disabl2 (DOC-2/DAB 2) has
originally been discovered in ovarian cancer asradilate tumour suppressor gene (41).
The protein contains proline-rich sequences intargavith Src and Fgr, SFK members,
containing SH3 domain. This interaction was denmamstl to inhibit SFK activity due to
conformational changes, locking SFK molecules itlgéically inactive conformation
(42). There is inverse relationship between AR eggion in normal prostatic epithelium
and prostate cancer and DOC-2/DAB 2 expressios. pbssible to increase proliferation
of CRPC cells expressing AR by knocking out DOCA&HD2 with siRNA. Tumour
suppression properties of DOC-2/DAB 2 are thougHtid due to the ability of this protein
to disrupt AR/Src complex formation and inactivatmf Erk and Akt. Non-genomic action
of DOC-2/DAB 2 was further confirmed by the facathAR transcriptional activity was

not affected (43).
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Figure 5. DOC-2/DAB 2 prevents AR/Src complex formaon. Adapted from Zhoul et
al. (43). AR interacts with activated Src (pSrcY*®) and formation of AR/Src
complexes leads to downstream Erk activation. DOC/RAB?2 functions as a negative
regulator by displacing AR from the complexes withSrc, thus preventing Erk

activation and, as a result, decreasing prostate naer cells proliferation.
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Apart from androgens, growth factors and cytokihase the potential to activate
SFK and stimulate AR-Src complex formation in patstcancer cells. Epidermal growth
factor (EGF) acting through epidermal growth fagteceptor (EGFR) has been shown to
activate Src in prostate cancer cells, experienagwe androgen withdrawal by triggering
AR-Src complex formation. Resulting DNA synthesisdacytoskeletal changes were
abrogated by treatment with androgen antagonisiggesting an important role of the
relationship between AR and Src in prostate camedls biology (44;45). Androgen
independent growth and cell migration, stimulatgdrierleukin-8 (IL-8) signalling may
involve trans-activation of AR by Src as both Sroibitors and AR antagonists have been
demonstrated to down-regulate these biologicalgeses (46).

Castration resistant phenotype has been assoamtkedconstitutive activation of
Src/MAPK pathway. This was demonstratedvitro by the increased [(3)H]thymidine
incorporation and the increased resistance to appt-urthermore, Src/MAPK activation
in androgen-sensitive cells can be triggered bydtibiestosterone (DHT), potent activator
of AR (47). Therefore, AR could regulate transaapteither following ligand binding, or
by becoming involved in complexes with tyrosinedsas e.g. Src.

Tyrosine phosphorylation is thought to be an imguairimechanism of modulation of
AR activity. Many biological processes involving AlRcluding cytoplasm to nuclear
translocation and transcription, are regulatedylgsine phosphorylation (34;48;49). Due
to rapid and transient nature of this process,tifiestion of AR phosphorylation sites
specific to various tyrosine kinases has provedicdit. Guo et al. found significant
correlation between AR and Src activation in hunprostate tumours and proposed
tyrosine Y** as a Src-specific phosphorylation site. Theseirfigsl suggest that androgen
deprivation therapy may result in Src activation gmowth factors, which can then

stimulate AR activity as a potential hormone esaapehanism (50).
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1.2.3 G-protein coupled receptors and SFK

Guanosine phosphate binding protein coupled recep{GPCR) have been
implicated in the proliferation and survival of ptate cancer cells. Conventionally, the
heptahelical receptor is made up of seven memlspaening regions. Following ligand
binding, the receptor interacts with a heterotrim&-protein, consisting of three subunits:
a, B andy. This leads too subunit, which carries guanosine diphosphate (GD&)
dissociate from the complex, followed by GDP beamnconverted to GTP (51). Thus,
the process creates second messengers that aatiaayeintracellular signalling cascades.

Although it was previously thought that GPCRs waa@nly involved in the short —
term regulation of intermediary metabolism and ngansmission, it has recently become
known that these receptors can influence cell gnoavrtd differentiation in a variety of
clinical conditions including benign prostatic hyppephy and prostate cancer. SFK play
key roles in integrating signals emanating from ®B@to proliferative and anti-apototic
molecular networks (52). The mechanisms of SFK-GR@Rraction are complex and
include direct binding through SH2 and SH3 homoladymains, association with
heterotrimeric G-proteins and cross-talk with reéoeprotein kinases and focal adhesion

complexes (53).
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Figure 6. Activation model of GPCRs. Adapted fronDaaka (51). In inactive state,
GPCRs form complexes with G-proteins, consisting ai, p andy subunits. Ligand (L)
binding leads to phosphorylation of GDP orw subunit to GTP and dissociation ofu

subunit from the complex.
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Formation of complexes between GPCRs and SFK asidohanism of cooperation
and mutual activation has been best describefiadrenoreceptor (54). This process is
mediated through proline-rich regions in the thirthcellular loop and carboxyl terminus
of the receptor containing consensus sequenceSH@r domain of Src. Thus, complex
formation is necessary for downstream MAPK signglland point mutations, induced in
these regions were shown to prevent Src co-immueoegutation and MAPK activation.
Src may, in turn activate GPCRs by tyrosine phosghtion and tyrosine ¥° has been
suggested as a Src-specific phosphorylation sifg2adrenoreceptor (55).

Several lines of evidence indicate that Src caadbwated directly by heterotrimeric
G-proteins. Direct binding of &subunit to inactive Src phosphorylated at tyrosiig
resulted in disruption of intra-molecular bonds a8t activation by intra-molecular
displacement mechanism (56). Once again, thisaatien appears to be mutual so that G-
proteins are phosphorylated by Src, resulting i ithcrease of G-protein activity. oG
subunit became phosphorylated and hydrolysis of spihatidyl inositol increased
following stimulation of fibroblasts transformed hyian v-Src (constitutively active form
of the protein) with endothelin-1. Furthermore, sheprocesses were disrupted by
application of Src inhibitor PP2 (57).

Stimulated GPCRs may produce downstream signalsemeling the signals
emanating from receptor tyrosine kinases. Thisus tb GPCRs involvement in the
extensive cross-talk with receptor tyrosine kinaaad SFK may play a role in these
processes. Although the exact nature of this iotena is unknown, several mechanisms
have been described. One of them, called ectodosh@&dding, involves the generation of
growth factors from transmembrane precursors aed tielease into the extracellular

milieu where they can interact with the receptd8)( Precursors of tyrosine kinases
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agonists are insoluble and, therefore, undergoeplydis by ADAM family of matrix
metalloproteinases (MMPSs), which are regulated itay(S9).

Focal adhesions represent protein complexes, ¢otsi transmembrane receptors
integrins that interact with extracellular matrirdatransmit signals through intracellular
complexes, where SFK have an important role. Foligwintegrin engagement with
fibronectin, focal adhesion kinases are recruitedthte membrane regions providing
docking sites for downstream proteins, including, $&ading to the activation of ERK1/2
pathway (60). GPCRs interact with focal adhesidmeugh activation of focal adhesion
kinases FAK and Pyk2. This interaction is inhibiteyg the exposure to the proteins
containing Arg-Gly-Asp sequences mimicking intedigands and by cytochalasin D that
disrupts actin links (61). The exact nature of ititeraction varies, depending on the cell
type, although Src inhibitors prevented ERK1/2\&tton and assembly of Ras activation

complexes in all cases.
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Paracrine Transactivation

Figure 7. GPCR transactivation by RTKs. Adapted fran Luttrell et al. (53). Src,
activated by G- proteins, stimulates ADAM family mdrix-metalloproteinases that
release growth factors from their precursors (e.geGF). EGF then binds to EGFR

that phosphorylates multiple intracellular targets, including Src.
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Figure 8. GPCRs interaction with focal adhesions. dapted from Luttrell et al. (53) .
Ligand-bound GPCRs releasar subunit of G-proteins that activates phospholipase
CP (PLCB). Resulting increase in intracellular C&" and activation of protein kinase
C (PKC) leads to activation of Pyk2 or FAK in focaladhesion complexes that

invariably involve Src.
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Neuroendocrine (NE) cells represent a type of epdh cells found in normal
prostatic tissue and in prostate cancer. They m®drwarious substances that regulate
growth, differentiation and survival of surroundirgglls in autocrine and paracrine
fashions. Prostate cancer cells acquire featuresNiBf cells in a process called
neuroendocrine differentiation (NED). NED has bdieked with androgen deprivation
therapy, progression of prostate cancer to theatast-resistant state and poor prognosis
(62). Several factors, produced by NED cells inacilgdoombesin, neurotensin, serotonin
etc. implicated in the progression of prostate earact through GPCRs (63).

Bombesin, amphibian tetradecapeptide and its marmmhbmolog gastrin-releasing
peptide (GRP) are the most studied neuropeptidegprostate cancer. Significant
proportion of patients with castration-resistardgpate cancer have elevated level of GRP
in their serum (64). Prostate specimens contaimngsive prostate cancers have been
shown to overexpress receptors for bombesin/GRPreaiesamples from areas with
benign prostatic hyperplasia tended to have lowllexpression of these receptors (68).
vitro growth of PC3, castration-resistant prostate cacek line, stimulated by bombesin
was inhibited by application of antibodies agai@RP receptor, a member of GPCR
superfamily (66). Ligand-bound GRP receptor is tifuuto trigger several transduction
pathways that include Src. In PC3 cells, this psecavolves trans-activation of EGFR
and C&" mobilisation, followed by Src and MAPK activatioeyentually leading to
stimulation of DNA synthesis (67). Src inhibitdPP1 and PP2 together with reduced
level of intracellular C& abolished EGFR transactivation and MAPK phosplatigh. In
prostate cancer cells expressing AR, Src activayeblombesin may phosphorylate AR in
androgen-independent manner, thus increasing #@ssltvcation to the nucleus and

assembly of transcriptional complex involving c-M¥8).
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Androgen Independence

Figure 9. AR activation and nuclear translocation tiggered by Src. Adapted from
Desai et al. (68). Src can be activated by neuropgbes, growth factors and
chemotactik substances. Activated Src stimulates ARimerisation and nuclear
translocation, where AR acts as a transcription fair in complexes with steroid
receptor co-factors SRC1 and ACTR/AIBL1. c-Myc is ativated directly by Src

thereby decreasing apoptosis and increasing polymase Il (Pol Il) expression.
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Bombesin and another neuropeptide neurotensin (Vg been shown to promote
survival and enhance migratory properties of aneinogidependent prostate cancer cells
(69;70). In androgen depleted conditions, neurageptare able to circumvent normal AR
activation pathway, trans-activating reporter gebgsprostatic specific antigen (PSA)
promoter and promoter of androgen responsive ele(ddRE). This effect was observed
only in LNCaP cells expressing AR or PC3 cells thate transfected with a functional
AR. Activated GPCRs transmit signals through theglexes involving SFK, FAK and
Etk/BMX non-receptor tyrosin kinases. Furthermdrgroduction of dominant negative
mutant of Src kinase prevented AR activation argd translocation to the nucleus,
suggesting this mechanism is Src-dependent (71).

As mentioned earlier, GPCRs exert influence onptrdyrosin kinases through Src
to promote growth of castration-resistant prostatecer cells. Treatment of PC3 cells with
conditioned culture medium from LNCaP-derived nemdocrine cells, used as a source
of NT, resulted in EGFR activation as measured lysphorylation of Src-specific site at
tyrosin Y*** (72). EGFR trans-activation was Src dependerapgdication of catalytic
inhibitors of both EGFR and Src abolished NT-stiatetl DNA synthesis and proliferation
of PC3 cells. Apart from MAPK, potential downstregroteins conducting the signals
from EGFR trans-activated by Src included sigrehéducer and activator of transcription
5b (STAT5b) (72) and AR co-activator p300 with brst acetyltransferase (HAT) activity
(73).

The role of aberrant AR activation by neuropeptittesugh SFK has recently been
explored usingn vivo model of LNCaP cells, trasfected with vector cengyGRP (74).
Resulting LNCaP-GRP cell line exhibited castratiesistant properties and enhanced
migratory abilities, linked with increased SFK a&ation. Orthotopic implantation of

LNCaP-GRP cells in castrated nude mice with sewambined immunodeficiency
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(SCID) produced primary tumour growth and metastaselymph nodes. Re-cultured
xenograft cells displayed higher Src activity anB Auclear translocation in androgen
depleted medium, compared to native LNCaP cellsatfinent with SFK inhibitor and Src
knockout by siRNA reduced proliferation and migpatin vitro and prevented formation
of metastatic disease vivo (75).

Neuropeptides are inactivated by neutral endopaptid(NEP), a cell-surface
enzyme implicated in the development of castratemistant prostate cancer. NEP
expression is lost in castratio-resistant PC3, CBJa#ad TSU-Prl prostate cancer cell
lines, contributing to their invasive properties, ¢ontrast to non-invasive androgen-
sensitive LNCaP prostate cancer cell line that lgigtkpress NEP (76). Apart from
functioning as a main degradation mechanism foropgptides, NEP has been linked
with intracellular transduction pathways that iefhce cell proliferation, migration,
invasion and apoptosis (77;78). Intriguingly, SFkembers Src and Lyn are thought to
play opposite roles in regulating these pathwaystivated GPCRs promoted complex
formation between Src and FAK in focal adhesiohsststimulating cells migration and
invasion, whereas Lyn was shown to inhibit theskulee functions by acting as an
intermediary between NEP and p85 subunit of PI3i€y@nting association of PI3K and

FAK (19).
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Figure 10. Interaction of NEP with intracellular tr ansduction pathways. Adapted

from Sumimoto et al. (19). Neutral endopeptidase (BP) associates with Lyn via

glycosylphosphatidylinositol-anchored protein (GPIAP). This leads to the interaction

between Lyn and p85 subunit of PI3K, preventing asiation of PI3K with FAK.

Src, activated by GPCRs, forms complexes with FAKiga Src-specific

phosphorylation site FAKY>®".
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1.2.4 Motility and Adhesion Factors

Oncogenic transformation of normal epithelium isncer involves acquisition of
highly motile phenotype, described as epitheliainesenchymal transition (EMT). The
changes allow cancer cells to break away from th@rumour mass, which is necessary
for the local invasion and the development of ntatasdisease. Microscopically, the cells
gain the ability to produce amoeboid protrusionat timteract with extracellular matrix
(ECM) components at the same time destabilisingoedl contacts (adherence junctions)
eventually leading to cell detachment, migrationmmasion (79). Molecular mechanisms
involved in EMT involve multiple transduction patays where SFK frequently play key

roles (13).
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Figure 11. Src plays a key role in EMT. Adapted fron Frame (13). Activation of Src
by various mechanisms, including growth factors (g. EGF, HGF), leads to the
acquisition by the normal epithelial cells of highy motile phenotype, resulting in

epithelial to mesenchymal transition (EMT).
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Adherence junctions are made up of cadherins (Berad and N-cadherin), trans-
membrane proteins that link the cells by their @ogtlular components, and catenins, (
B-, v-, 8- and pl120catenin), intracellular proteins providaonnections between cadherins
and actin cytoskeleton. E-cadherin has been destals a suppressor of invasion due to
its ability to produce stable adherence juncti@®),(whereas N-cadherin is thought to be
part of more dynamic cell-cell contacts and hasnbkeked with aggressive cancer
phenotype (81). Increased expression of N-cadhegether with reduced expression of
E-cadherin, described as E-cadherin to N-cadhegiN) (switch, is one of the more
prominent features of EMT in prostate cancer (82).

Activated Src destabilises adherens junctions tjinaeveral mechanisms, including
phosphorylation offf- and pl20catenin that act as anchoring molecutsiden E-
cadherin and actin, dissociation of E-cadherin autin, prevention of E-cadherin
translocation to the membrane and induction of @iean ubiquitylation, recycling and
degradation through activation of E3-ubiquitin kga Cbl and Hakai (83).
Phosphorylation off-catenin by Src in PC3 cells has been shown to areaklherence
junctions by dissociation di-catenin from E-cadherin, translocation Btatenin to the
cytoplasm and nucleus and stimulation of its trapsonal activity. Interestingly,
expression ofi-catenin restricteg-catenin to adherence junctions, thus stabilisiel c
cell contacts, preventing-catenin nuclear translocation and reducing pnalifen.
Furthermore, by changing its special conformatietatenin protecte@-catenin from

phosphorylation by Src (84).
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Figure 12.a-catenin prevents Src phosphorylation offi-catenin. Adapted from Inge et
al. (84). Activated Src releasepcatenin from adherence junctions. Translocation of
B-catenin to the cytoplasm and nucleus results in thincrease of its transcriptional

activity. Overexpression ofa-catenin stabiliseg3-catenin in adherence junctions.
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Focal adhesions represent complex structures prayicell-ECM contacts where
more than 50 proteins co-localise and integrateiliiing cell movement requires a well
orchestrated mechanism of focal adhesion assembg éeading edge of the moving cell,
accompanied by focal adhesion disassembly at ttle drad reorganisation of cytoskeleton
(85). Integrins, trans-membrane proteins, are mgdef various combinations of and 3
subunits, each being sensitive to different ligaadd having unique signalling properties.
Integrins form clusters at the focal adhesionsy thvide physical links between ECM
and the structures of actin cytoskeleton and imatiegextracellular signals into intracellular
transduction cascades, regulating various oncogprocesses in prostate cancer (86).
Expectedly, due to the necessity of coordinationnducell movement, there is extensive
cross-talk between pathways initiated by growthdaceceptors, integrins and cadherins

(85).
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Figure 13. Intracellular cascades regulating cell mvement. Adapted from Playford et
al. (85). Src regulates protrusion formation and foal adhesion disassembly,
participating in biochemical reactions at the frontand the rear of the cell. Activated
Src in complexes with FAK phosphorylates p136° This is followed by c-Crk/p136%°
complex formation and activation of Rac and Cdc42ia translocation of Rac
activator DOCKZ1. Activated Rac and Cdc42 promote tle development of protrusion
at the leading edge of the cell by WASP-dependenttaation of Arp2/3. At the rear

of the cell activated Src form complexes with FAKErk and calpain 2, leading to
FAK cleavage and focal adhesion disasemblyfor theuppose of cell detachment ant

retraction of the tail.
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Non-receptor tyrosine kinases FAK and SFK are ethibart of the system regulating
cancer cells motility and EMT (87). Upon integringagement, FAK is recruited to the
focal adhesions and rapidly becomes autophospliedylt tyrosine ¥’, which is high
affinity Src docking site. Src then induces tyr@siphosphorylation of large number of
proteins, including FAK itself (Y% Y®”", Y® and ¥*?), paxillin (Y*'9), p136° (Y*9
and other substrates (88). Apart from integrinsKF#an be activated by other factors,
including GPCR ligands (bombesin and IL-8) (46;83)d epidermal growth factor
receptor (EGFR) through the cross-talk with integr{90). Activation and recruitment of
FAK to focal adhesions was found to be essential dombesin-unduced PC3 cells
motility (89). Expression of FAK was found to begher in invasive, highly tumourigenic
PC3 and DU145 prostate cancer cell lines compavecklatively non-invasive LNCaP
cells (91). Cell migration required activation oAK/Src pathways as inhibiting FAK by
infecting prostate cancer cells with adenovirusyiag focal adhesion kinase-related non-
kinase (FRNK) or treatment by Src inhibitor PP2n#igantly reduced migration. In
LNCaP cells exposed to IL-8, activation of both FAKd Src was necessary to induce cell
migration whereas Src activity was also requirgdaftdrogen independent growth (46).

Proline-rich tyrosine kinase 2 (Pyk2) belongs to KFAamily kinases; it is
structurally and functionally related to FAK. PyK#comes autophosphorylated at
tyrosine Y%, analogous to FAK tyrosine®Y’ docking site for Src, in response to variety
of stimuli, including GPCR activation, integrin-ECMngagement and elevation of
intracellular calcium (92). Although Pyk2 has bekmked with various oncogenic
processes, especially in the regulation of cellratign, its role in prostate cancer remains
controversial. Sanzione et al. demonstrated thatetkpression of Pyk2 was highest in
benign prostatic epithelium and it inversely catetl with prostate cancer grade (93). The

same group then investigated the role of Pyk2 aliferation of PC3 prostate cancer cell
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line, concluding that Pyk2-promoted cell prolifeoat and loss of Pyk2 was accompanied
by acquisition of neuron-like morphology, thus sesfing that the resulting NE-like cells
then stimulated prostate cancer cell growth in eagrane fashion (94). In AR-positive
castratio-resistant prostate cancer cells, ErbBE2R2) activated Pyk2 and, as a result, up-
regulated adhesive properties of prostate candés cwinly via activation of MAPK
thway(95). Although activation of Src was not reqdito stimulate cell adhesion, Pyk2
was shown to be autophosphorylated at tyrosiffé ¥acilitating interaction with Src and,

possibly, regulating other cell functions.
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Figure 14. Regulation of adhesive properties in ARositive castration-resistant
prostate cancer cells by PYK2. Adapted from Yuan eal. (95). Constitutive activation
of HERZ is thought to positively regulate adhesivability of AR-positive prostate
cancer cells via activation of Pyk2. This processvolves MEK and Erk kinases.
Phosphorylation of Pyk2 at tyrosine Y°?leads to Src activation. Src with p38/MAPK
regulate multiple downstream targets.
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Deregulation of Pyk2 in protein complexes facilitgt focal adhesion turnover in
prostate cancer cells has been compared to sipritaress in osteoclasts where Pyk2 is
thought to functionally replace FAK (96). Dynamioordination of focal adhesion
assembly and disassembly is controlled by Srcsoa@ation with other proteins, including
focal adhesion kinases (FAK and Pyk2), membersaafllpn family adaptor proteins and
protein tyrosin phosphatases that dephosphorylaiteips, phosphorylated by tyrosine
kinases. In PC3 prostate cancer cell line that lteen originally derived from bone
metastases of a patient with metastatic prostaticer, Src has been demonstrated to form
complexes with Pyk2, leupaxin, adaptor protein fiomally similar to paxillin, and
protein tyrosin phosphatase-proline-, glutamaterjne-, and threonine-rich sequence
(PTP PEST) (97). Using siRNA approach, the autlsbimved that inhibition of leupaxin
in PC3 cells resulted in reduced migration, wheesBmoviral-mediated overexpression of
leupaxin was associated with activation of Pyk2 &mthation of complexes with Src.
Resulting increase in cell migration was linkedhnéctivation of enzyme Rho GTPase,
regulating Rho family adaptor proteins, includimg Substrate Rho GAP (98).

Ezrin is a member of ERM (ezrin, radixin and mogdemily adaptor proteins
linking membrane molecules to actin cytoskelet@zrin has been implicated in various
oncogenic cellular processes including invasiomgration, survival and its deregulation is
thought to be an important factor in the developmeh metastatic disease (99).
Overexpression of ezrin in prostate cancer has bsenciated with adverse prognostic
factors, such as high Gleason score and seminglev@svasion (100). Invasive properties
of prostate cancer cells in response to androgensd cbe mediated by increased
expression and phosphorylation of ezrin at threamd tyrosin residues (101). While
ROCK and PKG kinases are responsible for threonin phosphooyiatsrc is thought to

be the main factor in tyrosin phosphorylation ofieat several residues, including®Y
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and Y**>. Phosphorylation is preceded by physical associatietween Src and ezrin,
binding SH2 domain of Src to putative phosphorylatgrosine Y° of ezrin (102).
Application of Src inhibitor PP2 reduced ezrin pblosrylation and decreased invasive
capacity of androgen stimulated prostate cancés ¢e)1).

Discovery of metastatic suppressor KAI1/CD82 hadeuined the importance of
Src signalling in prostate cancer cell motility. ilBg a member of transmembrane 4
superfamily (TM4SF), KAI1/CD82 transmits extracdédiu stimuli to intracellular
signalling cascades, thereby regulating varietgadiular processes involved in metastatic
spread, including adhesion, migration and cytos&klearrangement (103). In prostate
cancer, down-regulation of KAI1/CD82 expression wasnd to correlate with high
Gleason grade and advanced clinical stage (104;B¥)eral studies have attempted to
answer the question why the loss of KAI1/CD82 ressul increased metastatic potential in
prostate cancer. In PC3 prostate cancer cell brpression of KAI1/CD82 resulted in
reduction of integrin-dependent tans-activatiortyobsine kinase receptor for hepatocyte
growth factor, scatter factor (HGF/SF) c-Met (1083 previously mentioned, cross-talk
between integrins and growth factor receptors aatiaie downstream activation of
Src/FAK pathway with subsequent recruitment of masi Src substrates, including p$80
Decreased phosphorylation level of Src, FAK at sime Y*®!, and pl136* upon
KAI1/CD82 expression led to significant reductieonmigration and invasion. Using DU-
145 prostate cancer cell line that is known to egprSFK member Lyn rather than Src,
Zhang et al. reported that reduced activation af/EAK was not involved in KAI1/CD82
signalling despite inhibition of p18&-Crkil complex formation (107). However, overall
expression levels of Lyn and FAK were found to m@eased in KAI1/CD82-positive DU-

145 cells probably due to a compensation mechanism.
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Cell invasion

Figure 15. The role of KAI1/CD82 in suppressing deinvasion. Adapted from
Sridhar et al. (106). KAI1/CD82 limits integrin and ligand-induced activation of RTK
c-Met. There is also independent suppression on Sractivated by integrins. Loss of
KAI1/CD82 during late stage tumorigenesis resultsn increased c-Met and Src

activation together with their downstream targets 130°**and FAK.
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1.3 SFK and RTK in Prostate Cancer

1.3.1 EGFR

Epidermal growth factor receptor belongs to theilfjamf transmembrane proteins
with tyrosine kinase activity consisting of fourceptors: EGFR (ErbB-1), Her2/neu
(ErbB-2), Her3 (ErbB-3), Her4 (ErbB-4). Protein eagsion studies have shown the
correlation between EGFR expression and progressioprostate cancer to advanced
disease and hormone independence (108-111), wigleole of individual EGFR family
members remain controversial (112). Although thacexature of biological synergy
between EGFR and SFK has not been identified, thepearation appears to be an
important factor contributing to aggressive tumbehaviour (113).

Ligand binding causes EGFR receptors to precipitdte homo- and hetero-dimers
with other family members, followed by autophosptition at several tyrosine residues
that serve as docking sites for various protemduding SFK (114). EGFR/SFK complex
formation leads to conformational rearrangementsSio protein thereby opening the
catalytic domain for the interaction with downstregargets, among them EGFR itself
(115). Within activation loop of EGFR catalytic daim, tyrosine ¥*° has been identified
as Src-specific phosphorylation site and it isiGaltfor the receptor function (116). EGFR
phosphrylated at tyrosine®¥ becomes a relay point, integrating various exthalee
stimuli, including neuropeptides, cytokines, cafsjuJV light, ionizing radiation etc. into
complex intracellular molecular cascades (117-120).

Another important mechanism of cooperation betwe&#R receptors and SFK is
the regulation of receptor turnover by phosphoigtatof the proteins responsible for

endocytosis and ubiquitination, including clathritynamnin and E3 ubiquitin ligase Cbl
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(114). Ligand-bound membrane receptors are clustevethe clathrin-coated pits and
internalised, which is then followed by dynaminukged detachment of endocytic
vesicles from plasma membrane. Clathrin and dynapiosphorylated by SFK, are
redistributed to the cell periphery, enhancing eadaeal pool of the receptors, stimulating
continuous receptor signalling from within the wbs$ (121). Moreover, SFK-induced
phosphorylation of Cbl, which is recruited to thetizgated EGFR in order to promote
internalisation and degradation, results in Cblcteation, further increasing receptor
availability for recycling (122).

Signals emanating from EGFR family receptors hagenbshown to activate AR
and, as a result, promote proliferation and migratof prostate cancer cells. This is
achieved by stimulation of androgen-independent #&&nhscriptional activity (123),
increase of AR sensitivity to low concentrations aridrogens (124), AR complex
formation with intracellular signalling proteins4}and direct AR phosphorylation (50).
SFK have been implicated in modulation of EGF-stated AR transcriptional activity
and EGF-induced prostate cancer cell migrationteli®e in AR transcriptional activity
can be abrogated by selective SFK inhibitor SU6ER. The EGF-stimulated growth of
C-81 prostate cancer cell line in androgen-depletedium was suppressed by Src siRNA
and AR siRNA, suggesting that proliferation of geds cancer cells in androgen-depleted
conditions is driven by EGF through Src signallihg.LNCaP prostate cancer cell line,
EGF has been shown to trigger rapid Src/ARIEBmplex assembly. Src-steroid receptor
interaction is necessary for EGFR phosphorylatiod aan be inhibited by androgen

antagonists (44,45).
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Figure 16. Cross-talk between EGFR and steroid reptors mediated by Src. Adapted
from Migliaccio et al. (125). Ligand-bound EGFR phephorylates ER in complexes
with AR at tyrosine Y°*". This creates a docking site for Src, which becorsectivated
by the release of intramolecular constrains. ER/AR3rc complex formation results in

EGFR phosphorylation by Src, translating into further downstream signalling.
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1.3.2 IGFR

There is evidence that IGF family receptors play ieportant role in prostate
carcinogenesis (126) and targeting IGF-related eaidd potentially be beneficial in the
management of castration-resistant prostate cafi@it). Two types of IGF receptors
exist: IGF-1R and IGF-2R that bind two ligands, i6fnd IGF-2. IGF-1R represents a
tetramer with higher affinity for IGF-1; it is madg of twoa subunits that bind the ligand
and twop subunits, possessing tyrosine kinase activitytvaf IGF receptors, IGF-1R is
considered to be the main oncogenic factor as IBB&ves mainly as IGF-2 degradation
mechanism, lacking tyrosine kinase domamvitro studies have demonstrated that IGF-
1R downstream signalling via MAPK pathway may proenproliferation of prostate
cancer cells whereas involvement of PI3K-Akt pathvi& required to inhibit apoptosis
(126).

Ligand-bound IGF-1R activates insulin receptor s&abe protein (IRS), which
displays multiple binding sites for SH2 homologynttin-containing proteins, including
SFK (12). Experiments using 3T3-L1 murine preadjpes have shown that Src and Fyn
mediate IGF-induced phosphorylation of adaptorggroShc and MAPK activation (128).
Introduction of dominant-negative Src abolished 8hd MAPK activation but not IRS,
suggesting that SFK act upstream in relation to MAPathway. Evidence of SFK
involvement in IGF-activated PI3K-Akt cascade hase from the studies of phosphatase
and tensin homolog deleted on chromosome ten (PT&Npur suppressor that inhibits
activation of Akt by IGF-1R. Stable overexpresswPTEN in PC-3 prostate cancer cells
resulted in reduced IGF-1R synthesis, inhibitionpodliferation and increased apoptosis

(129). Rather than supressing PTEN enzymatic fanct6FK seem to interfere with the

63



ability of PTEN to bind to the cellular membrane es its main activities take place
(130).

Interaction between IGF system and steroid receptpralling is thought to play an
important role in prostatic carcinogenesis, althotlte precise mechanism of action is not
completely understood (131;132). Androgens haven l®wn to up-regulate IGF-1R
expression and IGF-1-induced Src/MAPK signallingAIR-positive prostate cancer cells
(133). Interestingly, although AR requirement forstprocess was demonstrated by the
lack of IGF-1R overexpression in AR-negative PCdls; it did not depend on AR
transcriptional activity. Furthermore, androgemrstiated IGF-1R up-regulation was
suppressed by both Src inhibitor PP2 and MEK-1hidi PD98059. Activation of
oestrogen receptdr (ERB), known to form complexes with Src and AR in patstcancer
cells, can result in similar effect on IGF-1R exg®ien and activation (134). Activation of
ERB by oestrogens increased IGF-1R sensitivity to IGBnd, as a result, stimulated
downstream signalling via Src/MAPK and, to a lesdegree, PI3K-Akt cascades. The
relationship between steroid hormones and IGF-1geays to be mutual as IGF-1 has
been shown to increase AR sensitivity to low cotregion of androgens (135).

Castration-resistant prostate cancer cells aregtitoto rely on growth factors for
their proliferative needs in androgen-depleted @¢anmts and IGF signalling has been
implicated in the development of CRPC (126). Kiklext al. studied biological effects of
IGF in LNCaP prostate cancer cells that are andragasitive and in the cell line C4-2,
which was derived from parental LNCaP cells, capadfl growing in androgen-depleted
media (136). The authors concluded that under agair-deprived conditions, the
response to IGF stimulation was proportional to1G¥expression and that in LNCaP cell
this effect was dependent on androgens, wherea®2 CdHs exhibited androgen-
independent IGF-1R expression, activation and Addaling (137). IGF-1R can be trans-

activated by nueropeptides, representing anothdenpal mechanism of castration
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resistance in prostate cancer. In TSU-Prl prostatecer cell line, this process was

mediated by Src and PI3K and inhibited by the eggion of NEP (138).

1.3.3 VEGFR

Several growth factors, among them VEGF, promotgio@genesis, an important
process required for the growth and spread of atestancer. VEGF system consists of
VEGF family pro-angiogenic proteins (five main isohs: A, B, C, D and E) and three
types of trans-membrane receptors: VEGFR-1, VEGF&@ VEGFR-3. Biological
responses resulting from VEGF signalling are mediahainly through VEGFR-2 due to
its high tyrosine kinase activity (139). VEGF famiproteins and receptors have
significant diagnostic, prognostic and therapeptitential in prostate cancer and targeting
VEGF with neutralising antibodies has been showrreiduce tumour progression in
patients with prostate cancer and prevent formaifanetastatic deposits (140).

The role SFK play in VEGF system is similar to thatual relationship with other
tyrosine kinase receptors. Downstream signals inétesd from ligand-bound VEGFR-2
can activate SFK, which in turn can lead to thedase in VEGF expression. Activated
EGFR-2 undergoes autophosphorylation at severakityrresidues, including %* and
Y12 creating consensus sequences for binding SH2 idash&rc (141;142). Gambogic
acid, which is the main active substance in traddl Chinese medicinéamboge
hanburyj has been shown to inhibit VEGFR-2 activation aledvnstream signallingn
vitro andin vivo (143). Using human umbilical vein endothelial s§iHUVEC) and PC3
prostate cancer cell line, Yi et al. demonstratet gambogic acid significantly inhibited
angiogenesis, as indicated by new microvessel grawtl tumour cell proliferation in PC3

xenografts in SCID mice. Furthermore, inhibition WEGFR-2 phosphorylation by

65



gambogic acid was associated with reduced activaifoSrc and FAK, which correlated
with inhibited proliferation and migration.

Although activated SFK do not seem to phosphorWdE&FR-2 following physical
association, unlike EGFR or IGFR, SFK are thoughtup-regulate VEGF system by
increasing VEGF protein expression. SFK-dependeathvpays can be activated in
response to various extracellular stimuli, inclgdimypoxia or radiation that have been
shown to compromise the effect of chemotherapy @tiotherapy in prostate cancer
(144). Src, activated by hypoxia or radiation, teen demonstrated to phosphorylate
signal transducer and activator of transcriptiontgns 3 (STAT3). Activated cytoplasmic
STAT3 formed homodimers or heterodimers with STAaRY translocated to the nucleus,
binding to the target genes, thereby promotingsttaption of various proteins, among
them hypoxia inducible factor 1 alpha (Hle)1Up-regulation and stabilisation of HIF:1
by activated Src led to HIFelnuclear translocation, dimerisation with HIB-&nd
physical association with transcription coactivatoCREB binding protein/p300
(CDP/p300) and apurinic/apyrimidinic endonuclea$tetiox effector factor 1 (APE1l/Ref-
1). Together these proteins formed transcriptiom@ex, binding to VEGF promoter and,
thus, increasing VEGF expression (145).

SFK-induced VEGF expression in prostate cancers aadin be inhibited by soy
isoflavones (146), adenoviral vector expressing rttedanoma differentiation-associated
gene-7 (Ad-mda7) (147) or overexpression of Srgsegsed C-kinase substrate
(SSeCKS) (148). Soy isoflavones, the dietary corepts of soy-rich food, possibly
contributing to the lower rate of prostate canceAsian population, have been shown to
inhibit several protein tyrosine kinases, includidig (149). Pre-treatment with genistein,
the most biologically active substance of isoflae®ncan increase radiosensitivity of
prostate cancer cells to radiotherapy, inhibitinglenular cascades stimulated by ionising

radiation. Down-regulation of Src/STAT3/HIF:athway by soy isoflavones in PC3 and
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C4-2 castration-resistant prostate cancer cells]inehibited survival mechanisms and
VEGF expression, which correlated with reduced esgion of APE1/Ref-1and decreased
DNA binding capacity of HIF-d and NF«xB (146). In another experiment, treatment of
LNCaP and DU-145 prostate cancer cells with Ad-mddvbited Src kinase activity,

which prevented STAT3 binding to VEGF promoter amsulted in reduced VEGF

MRNA and protein level (147). Finally, tetracychsgmulated re-expression of SSeCKS
in MatLyLu prostate cancer cells prevented fornratid lung metastases in nude mice by
inhibiting VEGF expression and associated microglessrmation at metastatic sites,

although the primary tumour growth was not sigaifity affected (148).
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1.4 SFK Inhibitors

1.4.1 Development Strategies and Preclinical Studies

Recent advances in the research investigatingnb@viement of SFK in multiple
signalling networks have led to the increased @#tein the development of SFK inhibitors
that can be used in the treatment of prostate caarw other malignancies (150). Since
SFK activation rather than total protein overexpi@s is considered to be the main driver
of oncogenic processes, the development stratbgiesbeen focused on targeting specific
activation mechanisms. The success so far has &g@rved with the development of
chemical compounds inhibiting catalytic activity ®fc based on ATP competitive binding
to the tyrosine kinase domain, inhibiting its enzyim activity. The binding model was
created according to X-ray crystallographic analysi SFK members Src and Hck by
determining spatial orientation of inhibitor moléslbound to the kinase domain (151).
Progress in information technologies has now bessd uo increase the efficiency and
accuracy of testing the chemicals that potentiediyld be used to inhibit SFK and other
tyrosine kinases, based on complementing the inadit high-throughput screening with

virtual analysis of computer-generated spatial iesad.52).
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CGP77675

Figure 17. Binding mode of Src inhibitor CGP77675d the ATP binding pocket of
Hck tyrosine kinase domain. Adapted from Suza et a151). The inhibitor is
presented in ball-and-stick mode, whereas the amiagids surrounding the ATP
binding pocket are shown in surface mode. The aminacids, contributing to
hydrogen bond interaction are shown in yellow. CGP7675 exhibits the
characteristics of a typical tyrosine kinase inhiktor.
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At the time of writing, several catalytic Src inldrs have progressed beyond the
laboratory experiments and are currently undergoregtesting in clinical trials, among
them dasatinib (BMS354825, Bristol Myers Squibbsutinib (SKI606, Wyeth) and
AZDO0530 (Astra-Zeneca). Dasatinib has emerged &srdarunner; recently it has been
given the US Food and Drug Administration Agencip & approval for the treatment of
adults with chronic myeloid leukaemia (CML) and IBdelphia chromosome-positive
acute lymphoblastic leukaemia (Ph+ALL) with resnsta to prior therapy. Dasatinib has
shown effectivenes@ vitro and in vivo using various cancer models, including lung
cancer (153), cancer of pancreas (154), head arikd gacer (155) and human sarcoma
(156).

In vitro experiments have demonstrated that dasatinib tatfegroliferation,
adhesion, migration and invasion of various prestancer cell lines. Lombardo et al.
reported inhibition of proliferation of PC3 celly blasatinib with inhibitor concentration
(ICs0) 9.4 nM, based on tetrazolium dye conversion ({Es7). Using LNCaP and DU-145
cell lines, Nam et al. showed that dasatinib irtedbiadhesion, migration and invasion; this
was associated with suppressed activity of SFKaBtcLyn (158). Interestingly, although
downstream SFK/FAK/p13® signalling pathway was also suppressed, the dserga
phosphorylation of STAT3, MAPK or Akt could not llkeemonstrated. PC3-derived cell
lines PC-3MM2GL, which are AR-negative, and PC-3AReells, transfected with vector
carrying functional AR, have been used to test dffecacy of dasatinibn vivo (18).
Dasatinib treatment of mice implanted with andregensitive PC-3AR-Al1 as well as
castration-resistant PC-3MM2GL cells resulted gn#icant suppression of both primary
tumour growth and lymph node metastases.

AZDO0530 is a highly selective orally available d&FK/Abl inhibitor in clinical

development for treatment of many solid tumoursgluding prostate cancer (159).
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AZD0530 has shown anti-proliferative activity intra against PC3 prostate cancer cell
line with 1C50 of 0.7 UM (160). Chang et al. has recently puleiitsh comprehensive study
of molecular pathways involved in Src signalling prostate cancer and immortalised
normal prostate epithelial cell lines (161). Thehaus demonstrated that proliferation of
DU-145 and PC3 prostate cancer cell lines was iddbby AZD0530 due to down-
regulation of cyclin D1,B-catenin, c-Myc and induction of G1/S cell cyclerest.
Interestingly, while in DU-145 cells cyclin D1 amdMyc were regulated by Src/MAPK,
PC3 cells utilised Src/Ras/Akt/GSRK3nolecular pathway, although both cell lines did no
display STAT3 involvement. As previously mentionee]l migration was significantly
inhibited by AZD0530 via Src/FAK/p13% signalling. Administration of AZD0530 to
SCID mice orthotopically implanted with DU-145 xemafts suppressed the tumour
growth by 45% compared to controls. Finally, effiemtess of AZDO0530 was
demonstrated in neuropeptides-autocrine model aofmbpe-resistant prostate cancer,
where the inhibitor suppressed Src-mediated ARsaetivation by GRP (74).

Several other catalytic Src inhibitory compoundsehahown effectiveness against
prostate cancer in laboratory experiments. CGP76@80 CGP77675 (Novartis)
pyrrolopyrimidine chemicals reduced proliferatiaghesion, migration and invasion of
PC3 cell line, which was time- and concentratiopedelent (16). This was the result of
Src inhibition and down-regulation of the expreasod MMP-9 and the tissue inhibitor of
metalloproteinases 1 (TIMP-1). Pyrazolo[3,4-d]pyidmes SI35 and S140 were employed
to study the role of Src activation in mediatingfe@duced migration using PC3 cell line
model (162). These substances, structurally reletgayrazolo-pyrimidine-based PP1 and
PP2 SFK inhibitors that have been extensively useditro (43;46;91), have proved
effective in reducing growth factor-induced cellgmation at concentrations corresponding

to the inhibition of SFK activity. Although anti-gliferative activity was also shown,
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much higher concentrations of Src inhibitors weeguired, suggesting possible non-
specific mechanism of action.

Physical association between Src and its substptesdes an attractive targeting
mechanism in the development of inhibitory compauridetailed structural analysis of
Src docking sites has made it possible to prodcet eptides that could be used to
prevent the binding of substrates. Sequence-basptidp inhibitor KRX-123 has been
designed to prevent the interaction between thetsates and HJ loop in the Lyn kinase
domain, which in theory should improve the spetifiof the inhibitor (15)In vitro andin
vivo experiments using PC3 and DU-145 cell lines, coteth to establish the
effectiveness of KRX-123 in prostate cancer, res@ahhibition of proliferation, induction
of apoptosis and regression of tumour explantsugiermice. The inhibitor was shown to
be Lyn-specific, inhibiting Lyn trans-phosphorytati in a dose-dependent manner with
ICs5 Of app.1uM, while phosphorylation of related SFkkLand Fyn was not affected.
Similar approach has been used to construct a #hterfering peptide, mimicking AR
proline-rich sequences, interacting with SH3 donwdi8rc (163). This 10 amino-acid long
synthetic substance prevented AR/ER/Src complesnalsly, affecting G1 to S cell cycle
progression, cyclin D1 expression and DNA synthesi&R-positive prostate cancer cells.
The findings were further confirmed by in vivo exipgents, where the inhibitor

suppressed the growth of LNCaP xenografts in nuide.m
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Figure 18. Short peptides inhibit AR/ER/Src interagion. Adapted from Migliaccio et
al. (164). In human prostate cancer cell androgeriaduce complex formation
between ER/AR and Src. Src then becomes activateg khe release of intramolecular
constrains, followed by activation of downstream tegets. ER/AR/Srs complexes
could be disrupted by shirt peptides that mimic ARand ER docking sites on Src.
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1.4.2 Biomarkers of Sensitivity to SFK Inhibitors

Recent progress in the development of small mogeiriibitors has highlighted the
importance of tailoring the treatment to the indival tumour profile due to significant
heterogeneity of malignancies and difficulty préidig the therapeutic response.
Biomarkers represent an important diagnostic anogmrstic tool, used to test the
likelihood of each particular individual with camaesponding to the inhibition of certain
molecular pathway as well as monitor and correetdbncentration of drugs to produce
the desired biological effect. Gene microarray gsialhas been used to identify vitro
andin vivo genomic signatures representing the genes upateguin the tumour cells
responding to each particular therapeutic agerfi)(16

Identification and validation of AR genetic sigma in prostate cancer patients,
undergoing hormone deprivation therapy may allowran@ccurate estimation of
individual hormonal status and intraprostatic DHévdl (166). As expected, the
application of AR signature revealed higher AR \attiin untreated, hormone naive
tumours and lower AR activity in tumour sample&etafrom the individuals undergoing
hormone deprivation therapy and the patients wigPC. More importantly, there was a
significant correlation between reduced AR activityCRPC samples and increased Src
pathway activity, as defined by Src genetic sigrea{d67), which was further supported
by the increased predicted sensitivity to SFK iftbibdasatinib.

Determining gene expression profiles in order teat# genomic signatures has
increasingly been used to separate patients’ ssilzgetording to the prognosis and the
potential for targeting activated molecular pathsvaysing large collection of human
cancers, Bild et al. studied the patterns of geqpeession and their clinical relevance with

regards to disease outcomes (167). Several pathdeaggulation signatures ware
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identified, including Src, Ras and Myc signaturkattwere further confirmed by using
specific SFK inhibitor SU6656. This Src signaturaswthen applied to test the sensitivity
of prostatic cell lines PC3 and MDAPCa-2b to theatment with dasatiniim vitro andin
vivo (168). While the proliferation of PC3 cells was grgssed by dasatinib, the treatment
of MDAPCa-2b cells did not result in significanthibition of proliferation. Genetic Src
signature was then testad vivo for the xenografts of these cell lines and wasbto
match perfectly with predicted anti-tumour activity

As it is not always possible to obtain tumour tessamples in clinical settings, the
search for biomarkers has been concentrated otifideg the substances contained in the
tumour and in the blood that would respond to tleatment in similar fashion. SFK
inhibitors have the advantage in this respect aspéripheral blood mononuclear cells
(PBMCs) contain abundant quantities of SFK andretioee, provide sufficient read-outs
of SFK activity (169). Activated form of Src pSreY has been proposed as a reliable
biomarker of Src inhibition, allowing rigorous assment of pharmacokinetic and
pharmacodynamic properties of the drugs and tledationship with anti-tumour activity.
Evaluation of pSrc¥* inhibition by dasatinib in mice bearing PC3 xerafty revealed
that similar inhibitor concentration and time weeguired to suppress Src activity in the
tumour and in PBMCs. The effect of dasatinib on aumgrowth was dependent on
inhibition of Src activity, which was found to bemslarly suppressed by dasatinib in

tumour samples and in PBMCs (170).

1.4.3 SFK Inhibitors in Metastatic Bone Disease

Significant morbidity and mortality associated witlone metastases in advanced
prostate cancer represent a serious clinical pmob(&71). Severe pain, pathological

fractures, hypercalcaemia and spinal cord compmessie the complications of metastatic
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bone disease in prostate cancer, frequently lignitive lifespan of the patients. Propensity
of prostate cancer cells to metastasise to the soanevell known and the relationship
between tumour cells and bone microenvironment spkaypivotal role in this process
(172). Although the introduction of chemotherapdliotherapy and bisphosphonates has
improved the outcomes, it is the progress in owleusstanding of intricate molecular
mechanisms, governing the processes involved imstatc spread of tumours, provides
the grounds for hope of cure and prevention (173).

The role of SFK signalling in normal bone physiolaand metastatic bone disease
was originally highlighted by the experiments wirc knockout mice that were
surprisingly healthy apart from osteopetrosis drallack of erupted teeth, due to deficient
osteoclast function (174). The mice had high numifeosteoclasts undergoing normal
osteoclastogenesis, although mature cells failedfoton ruffled membrane border
necessary for bone resorption (175). At molecutael, SFK, activated by integrins in
complexes with Pyk-2, phosphorylates various sabessr including Cbl and becomes
involved in multiple cascades with receptor actwaif nuclear factokB (RANK) (176).
Positive regulation of osteoclasts by SFK is commaeted by reduced osteoblasts
differentiation and increase in bone turnover (177)

In normal bone tissue, bone resorption by ostetxclasd new bone formation by
osteoblasts exist in equilibrium, which is disruptgy tumour invasion. Resulting lesions
could be osteoblastic or osteolytic in nature, deljpgg on predominant activation of
osteoblasts in former or osteoblasts in latterth@dgh bone metastases in prostate cancer
are mostly osteoblastic, the initial stages of stagis formation are accompanied by the
increase in osteolytic activity (178). In additionsteolytic processes occur in the
background of skeletal metastases in prostate ca@ree the tumour deposits become
established in the bones, cancer cells release tlgrofactors into the bone

microenvironment, including transforming growth ttacp (TGH3), fibroblast growth
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factor (FGF), IGF, PDGF etc. Growth factors stinkell&rc-mediated osteoclast activity,
leading to further bone destruction and releaskiabgically active substances from the
bone matrix, stimulating the proliferation and naigon of tumour cells (179). This
positive feedback mechanism, frequently described aa ‘vicious circle’ of bone

metastases, can be targeted by Src inhibitors duéhé¢ role Src plays in cancer,

angiogenesis and bone metabolism (180).
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Figure 19. ‘Vicious circle’ of bone metastases. Agded from Rucci et al. (181).
Tumour cells, established in bone marrow, producearious substances (IL-6, TNie,
M-CSF, PGE-2, PTHrP) which stimulated osteoclastogeesis (OC) directly or by
increasing RANKL expression in osteoblasts (OB). kerease in osteoclasts formation
leads to bone resorption followed by the release gfowth factors from the bone
matrix (BMPs, PDGF, IGF-I, FGF etc.) that stimulate tumour growth.
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Small molecule SFK inhibitors with anti-tumour adly have been studied to define
whether they could be used for the treatment oveprgon of metastatic bone disease. In
pre-clinical experiments, dasatinib inhibited piexiation of osteoclasts in bone marrow
cell culture and reduced bone resoption in animadehusing thyro-parathyroidectomised
(TPTX) male Sprague-Dawley rats (182). Using motsil calvarial explants and
isolated rabbit osteoclasts, de Vries et al. demnatesl that Src inhibitor AZD0530
suppressed osteoclasts activity and osteoclastsgenienplying that SFK activity is
essential for the initial phase of osteoclasts &iram. Furthermore, the inhibitor prevented
osteoclasts migration to the bone surface and mlisduformation of actin rings and
resorption pits (183). CGP77675, pyrrolopyrimidiaralogue that was used to inhibit
proliferation and migration of bone metastasisdeti PC3 cell line (16), was shown to
inhibit bone resorption in rat foetal long bonetatgds and prevented bone loss in young
ovariectomised rats (184). Purine-based compourdl22A61, AP22408 and AP23541
(ARIAD) represent a series of Src inhibitors, tdamgyg SH2 domain and, thus, preventing
protein-protein interaction. These chemicals inoosfe a bisphosphonate group that

confer bone-specific properties, achieving relatissue selectivity (185-187).

1.4.4 SFK Inhibitors in Prostate Cancer Clinical Trials

Phase | and phase Il clinical trials are now uvdgy exploring potential efficacy of
Src inhibitors dasatinib and AZD0530 in patientshmgastration-resistant prostate cancer.
As a result of the FDA approval of dasatinib foe thse in imatinib-resistant chronic
myeloid leukaemia, the side effect and toxicity arest described for dasatinib.
Reassuringly, the toxicity has been relatively midth pleural effusion accounted for the

majority of patients who had to come off the phasstudy in solid tumours (188).
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Preliminary results for dasatinib and final restitisAZD0530 as single agents in phase Il
trials in patients with castration-resistant prtstaancer have now been published. While
the final results from phase Il study of AZD0530 asnonotherapy did not show any
clinical efficacy, the preliminary results from @eall study using dasatinib are more
encouraging.

AZD0530 was tested in phase | clinical trials anasvproven to well tolerated by
healthy volunteers in doses up to 1000 mg. Furtiiegle dose escalation resulted in
diarrhoea and vomiting, while the subjects takimgvdr doses over longer period
experienced rash, flu-like symptoms, myalgia, aftia, headache, mild diarrhoea and
raised creatinin (189). Another phase | study oDRB30 in patients with cancer revealed
acceptable tolerability with minimal side effectdapositive response using FAK and
paxillin phosphorylation as biomarkers. Paired tumioiopsies were obtained, before and
after treatment that were stained by immunohistotb@& method with antibodies against
phosphorylated FAK and paxillin. Blind assessmdrtiiopsy staining by pathology panel
confirmed the modulation of phosphorylation andlutet localisation of selected
biomarkers, consistent with AZD0530 therapy (190).

Despite promising pre-clinical data and the resoltphase | studies, AZD0530 did
not seem to be clinically effective in phase linadal trial as a monotherapy in patients
with hormone-resistant prostate cancer. 28 patievese recruited altogether, with 9
patients previously had taxane-based therapy aletlf&SA reduction greater than 30%
was chosen as a primary end-point and the doséshg of AZD0530 once daily was the
treatment regimen. Although the majority of pattetdlerated the treatment well, 5 cases
of grade 3 toxicities were recorded, including tivéoxicity, nausea, vomiting,
lymphopenia and 1 patient unexpectedly died fronmua co-morbidities. Only 5 patients

had transient PSA reduction with none achieving P&#onse criteria. Based on strong

80



pre-clinical evidence, the authors concluded thehér studies are warranted, perhaps as a
combination therapy, or earlier stages of prostatecer should be targeted (191).
Preliminary results from phase Il trial of dasdtiras monotherapy in metastatic
castratio-resistant prostate cancer are now availd®2). The patients’ cohort included
46 subjects with biochemical evidence of hormonlapse showing castrate levels of
testosterone with no prior chemotherapy. Diseasgrpss was measured using response
evaluation criteria in solid tumours (RECIST) takimto account the composite of PSA
levels and bone scan appearances. Urinary N-tefiolgegstimation as a measure of bone
metabolism, was determined on a 4 weekly basis.di$ease stabilised with the treatment
in 10(67%) patients out of 15, who could be evadaising RECIST criteria. 27 patients
had bone scan at 12 weeks, in 16(59%) patientsstatitadisease was stable and in 1
patient it improved. PSA doubling time was better2B(80%) patients out 36 evaluated
and in 1 patient who had more than 2 PSA measursmesA declined from 19.3 to 3.3
ng/ml. Bone metabolism slowed in 21(57%) out ofe¥aluable patients as demonstrated
by the decrease in urinary N-telopeptide by moam tB5%. Several clinical trials are now
under way to investigate the efficacy of dasatimib CRPC in combination with
prednisolone, docetaxel, VEGFR monoclonal antibbdyacizumab and as neo-adjuvant

therapy with LHRH analogue therapy prior to radjadstatectomy (193).
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1.5 Hypothesis and Statement of Aims

Src family kinases have been shown to play an itapbrole in the development of
prostate cancer and progression of prostate camoastration resistance. Multigle vitro
experiments have shown that SFK activation is rezogsfor the prostate cancer cells to
migrate and invade. However, it has not been knewether the increase in SFK
expression or activity in patients with prostataaa has any effect on tumour growth or
clinical parameters, including survival. As SFKiimtors are now in Phase Il clinical trials
for the treatment of castration-resistant prostatecer, translational studies of SFK in
prostate cancer patients are urgently required.

We therefore hypothesised that SFK activation m tifansition of prostate cancer
from hormone-sensitive disease to castration-@asis$tate is associated with negative

prognosis and stimulates the development of borastases.

Project aims:

1. To expand pre-existing database of paired prostem®ur samples, taken from
the prostate cancer patients prior to androgenigitmm therapy and following
the development of castration resistance.

2. To select and optimise antibodies for the detectdnSFK expression and
activation in human prostate tumour samples, usargffin-embedded sections.

3. To correlate SFK immunostaining with clinical paeters, including survival
and the presence of bone metastases.

4. To characterise hormone-sensitive LNCaP and itsnteopart LNCaP-SDM

castration-resistant cell lines.
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. To investigate the effect of androgen deprivatiarS&-K activity in LNCaP and

LNCaP-SDM cell lines.
. To examine the application of SFK inhibitor dasdtinn proliferation and

migration studies using prostate cancer cell lines.
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MATERIALS AND METHODS
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2.1 Development of Clinical Database

Ethical approval was obtained for the retrospectieruitment of patients from
Multiple Research Ethics Committee for Scotland @@ and, subsequently, applications
were submitted to the Local Research Ethics Corerstt(LREC) for the site-specific
assessment. Permission was granted to recruit IBCLRHS Greater Glasgow (Gartnavel
General Hospital, Southern General Hospital, Wastafirmary and Royal Alexandra
Hospital) and NHS Lanarkshire (Monklands Hospitdgirmyres Hospital and Wishaw
General Hospital). Patients’ details were initiatptained from the local pathology
departments at each site by performing pathologgbdse searches, selecting prostate
cancer patients undergoing palliative ‘channehsrairethral resection of prostate (TURP).
Medical records of selected patients were obtasedi detailed analysis was performed
according to the strict selection criteria to idgnthose who could be added to the existing
database.

Each patient in the cohort was required to havetpte tissue samples taken prior to
hormone deprivation therapy by means of TURP amstr@ctal ultrasound scan-guided
(TRUS) biopsy of prostate and more than 50% falP®A as an indicator of response to
androgen deprivation therapy. TRUS biopsies coedisf minimum 12 cores from both
left and right prostatic lobes with minimum 4 coreken from the transition zone.
Subsequent, second line hormonal therapy was ttheméastered to which the patient did
not respond and PSA concentrations continued te ebove the PSA nadir to
concentrations greater than 0.2ng/ml. The secoastgte tissue sample was taken during
‘channel’ TURP, performed to relieve the symptorhdladder outflow obstruction, after
failure to respond to the second line hormonalapgrand following at least 2 sequential

rises in PSA level above 0.2ng/ml, indicating bieciical relapse.
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Clinical information, recorded from the case sheeiduded the dates of diagnosis,
biochemical relapse, death or last follow-up. Tyjfeandrogen deprivation therapy was
noted, whether it was LHRH agonists or surgicah@ectomy. Depending on the results
of the bone scan, the patients were consideredate focally advanced or metastatic
disease and the results of repeat bone scan weseleoed for the patients who developed
bone metastases whilst on treatment. Patholog@t donsisted of pathology database
numbers, required to retrieve the tissue blockga&in grade of hormone naive and
hormone refractory tumours and the type of procedised to harvest the tissue (TRUS
biopsy or TURP). Information was also recordedpatients receiving radiotherapy with
the intent of cure or for palliative purposes adl we secondary anti-androgen therapy was
noted. The majority of patients died by the time tlata was analysed, the details of death,
including the date and causes of death were reddrden clinical case notes if available

or by contacting the Registry Office. The patients were alive at the time of analysis of

data, the date of last follow-up (censored datapwesed to calculate survival.

2.2 Immunohistochemistry

2.2.1 Preparation of Tissue Sections

Following the retrieval of formalin-fixed paraffiembedded tissue blocks from
pathology archives, each set was assigned a nuimberding purposes and identification
of patients was removed in order to make tissudeslianonymous. It was deemed
necessary for this project to use full sections aot tissue microarrays due to the
heterogeneous nature of prostate cancer. Priouttng tissue sections, the blocks were
cooled on the tissue cooler to 200 Using Leica RM 1235 microtome, 5 pm tissue

sections were cut and applied onto silane-coatessglides. The treatment of glass slides
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with aminopropyltriethoxysilane was necessary todpce greater adherence of the tissue
section to the glass. Silane coating was done Inyarsing the glass slides in acetone for 5
minutes, followed by exposure to 2% silane for Swmes. The excess of silane was
removed by washing the slides in running water after keeping the glass slides in tap

water for 20 minutes, the slides were allowed toidithe fume hood overnight.

2.2.2 Immunohistochemistry Principles and Protocol

Immunohistochemistry (IHC) is a tissue staininghteque based on the binding of
specific antibodies to antigens and detection sf timding in order to localise proteins in
cells. IHC is widely employed in clinical practie®d in basic science research to identify
and localise differentially expressed proteins imldgical tissues. Visualising of antigen-
antibody reaction is accomplished by several methtite most common being indirect
immunoperoxidase technique. Initially, the antigemst be exposed to the primary
antibody, which can be done by immersing tissuéicesin citrate buffer under increased
pressure conditions. Primary antibodies, which @¢obk monoclonal or polyclonal,
depending on whether they are raised from the siogkeveral clones of plasma cells, are
subsequently applied. The next stage involves imacof primary antibody with
biotinylated secondary antibody, labelled with eneyhorseraddish peroxidase (HRP).
Finally, visualisation is accomplished upon additiof 3,3’-Diaminobenzidine (DAB),

which reacts with HRP to produce an insoluble, br@eloured product.
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Prostate tissue sections were dewaxed in xyleneremgtrated in graded alcohol.
Antigen retrieval was performed under pressurebfarin in citrate buffer (pH adjusted to
6.0). Endogenous peroxidase was inactivated in h@étogen peroxide for 10 min and
the slides were blocked using 1.5% horse serunubkiton with primary antibody was
performed in humidified chamber overnight 8€4anti-phospho Src%° 1:250 and anti-
phospho Src%° 1:100, Cell Signalling Technologies, FGR 1:100gébt and Lyn 1:10,
BD Biosciences) or for 1 hour at room temperataretdétal Src (1:1000, Cell Signalling
Technologies). Tissue was then incubated in Enwvismlution (DAKO, UK) for 30 min
and developed by application of 3,3’-diaminobenzd{(DAB) as a chromogen (DAKO,
UK). Sections were counterstained with haematoxylehydrated through graded alcohol
and xylene and mounted in DPX. In each immunobiemistry run LNCaP cell pellets
and colon tissue is included as positive contrald an isotype matched antibody is used

on colon and prostate samples to provide a negetingol.
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2.2.3 Histoscoring method

All immunostained tumour sections were quantifidohdly by two independent
observers, using a weighted histoscore methodgit imagnification (x400). Membrane
and cytoplasm staining were scored separately.if§pstaining in each tissue section was
allocated 0 (no staining), 1 (weak intensity ofrsteg), 2 (moderate intensity), or 3 (strong

intensity). The final score (maximum 300) is ca#tad from the sum of:

(1 = % weak staining) + (2 % % moderate staining) + (3 % % intense staining)

2.3 Cell Culture

Prostate cancer cell lines LNCaP and LNCaP-SDM wekend gift from Professor
C Robson (Northern Institute for Cancer Researchwdastle). LNCaP cells were
routinely maintained in RPMI 1640 (Invitrogen, UKjontaining phenol red and
supplemented with 10% foetal calf serum (InvitrogeliK), and 1% glutamine. LNCaP-
SDM cells have been developed using parental LNCe&lR as a model of hormone
resistant prostate cancer by gradual withdrawalnoirogens from the medium. These cells
were routinely cultured in RPMI 1640 supplementedhwl% glutamine and 10%
charcoal-stripped foetal calf serum (Cambrex, UKWwn to contain negligible amount of
androgens (194).

Liquid nitrogen was used to cryopreserve the dbbs were grown, split and frozen
in order to use early passages for each experinienfacilitate the detachment of the
cells, routinely kept in 250 ml plastic flasks, eaftwashing with PBS the cells were

exposed to trypsin and then suspended in cultudiume Approximately 1x1Dcells were
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placed in the centrifuge and pelleted at 1500 rpm20 minutes. The cell pellets re-
suspended in freezing medium (10% dimethylsulfox2@6 foetal calf serum and 70%
culture medium), placed in the freezer at®@0and, after several hours, transferred into
the liquid nitrogen, where the cells were kept lustgjuired. To raise the cell from frozen,
the cryotubes containing the cells were retrievenf the liquid nitrogen and rapidly
defrosted in water bath for 30 sec at %37Defrosted cell pellet was then transferred in to

the flask, containing appropriate culture mediurd placed in the incubator.

24 Cell Count

2.4.1 Cell Count Method

Trypan blue exclusion method was used to countéfise exposed to DHT. 25 pul of
cell suspension was mixed with the same amountyplah blue (Sigma, UK) and the
mixture was loaded into Neubauer haemocytometee. ddils were counted under light
microscope (magnification x100) excluding non-vebells stained blue. Total number of

cells was calculated according to the following attpn:

Number of ceiis persquare 5 . oo pon of Cells x%
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Figure 1. Cell count using Neubauer haemocytometethe cells counted in each of

the 4 corne squares and the total number of the dslcalculated using the equation
above.
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2.4.2 DHT Stimulation

LNCaP and LNCaP-SDM cells were seeded in 24 wallesl at concentration 5X10
cells per well. 48 hours prior to seeding, full tedecalf serum was changed for LNCaP
cells to charcoal-stripped foetal calf serum ineordo eliminate endogenous steroids.
LNCaP-SDM cells were kept in the medium contairshgrcoal-stripped foetal calf serum
routinely. The cells were allowed to attach ovehnhignd the following day each 4 wells
were treated with the range of DHT concentratichd (M, 1 nM, 10 nM, 100 nM).
Control wells for both cell lines contained the nuea with either charcoal-stripped foetal
calf serum or full foetal calf serum. The followirdydays, the cells were counted using
trypan blue exclusion method and the final resuitswhe average of 4 wells. The

experiment was repeated 3 times.

2.5 Western Blot

2.5.1 Determination of Protein Concentration

Cells were grown in standard Petri dishes to tlygiired density. The dishes were
place on ice, the medium removed and the cells washed in ice-cold PBS twice. Lysis
buffer was then applied and the cells were remousihg cell scrapers. The tubes
containing cell lysates were kept in ice for furtl3® minutes prior to spinning at 12000
rpm for 10 minutes in centrifuge at %@ The supernatant was separated and used for
further experiments.

Protein concentration was determined using bicinctio acid (BCA) protein assay

prior to western blot to ensure equal protein logdiThis method is based on the BCA
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ability to react with complexes between copperssiand proteins to produce a
molybdenum/tungsten blue product. Briefly, when pmpions from copper sulphate
(CuSQ) are added to protein, €uis reduced to cuprous cation (Cu BCA then reacts
with Cu'* and the purple-coloured reaction product is formgdhe chelation of two BCA
molecules with one molecule of EuBCA/CU™ complex is water soluble and can be

guantitatively read on a 96 plate reader withtarfiset at 562 nm.

Cu?* + protein » Cul*

Cul* + 2BCA — Cul* BCA complex (purple)

Protein standards were prepared using bovine salbomin (BSA) in order to
create standard curve, plotting relative light abaace versus protein concentration. 96
plate reader was programmed to develop the standarde and determine protein

concentration.
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Q.. wersus Concentratlon
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0.316 -
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0.032 7
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0.003 - ' | - ‘
51.523 100,000 316,228 1000.001 3162.282 1.000e04
Concentration{ug/ml)

CURVE FITTING

LOG-LOG POWER CURVE FIT WITH TAILS
Y = -3.5187 +0.9418 X

R-5QR = 0.894

Trial #1
STANDARDS
# LABEL LOC. 0.D. CONC. PRED.CONC. %ERROR
1 BS 0.016 80.000 66.946 13.818
2 B6 0.0258 100.000 109.869 0.869
3 B7 0.0498 200.000 222.8930 11.465
4 B8 0.082 400.000 383.587 4.003
5 Bo 0.206 1000.000 1018.373 1.837
6 B10 0.37 2000.000 15638.404 3.080

Figure 2. Standard curve with protein concentratiors
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2.5.2 Western Blot Protocol

Cell lysis was performed in radio-immune precipgatassay (RIPA) buffer (50 mM
Tris pH7.6, 150 mM sodium chloride, 1% Triton X-1@5% deoxycholate, 0.1% SDS,
10 mM sodium fluoride, 1 mM sodium ortho-vanadatel 4:100 Calbiochem protease
inhibitor cocktail set 1) and protein concentrataetermined using BCA/CuSQ@ssay as
described above. 40 ug of protein per well waslvesoby 4-12% gradient Bis-Tris gel
electrophoresis (Invitrogen, UK) alongside PageRuf@e-stained protein ladder
(Fermentas, UK); proteins were transferred to néholose membranes (Millipore, UK).
The membranes were blocked for 1 hour in 5% BSATBS and probed with primary
antibodies, diluted in 3% BSA/TTBS: anti-phosphac8t® (1:10000), anti-total Src
(1:10000 Cell Signaling Technologies, UK), anti-phbo FAKY*®’ (1:10000), anti-
phospho FAK®! (1:10000 Biosource, Belgium), anti-total FAK (160D BD Biosciences,
UK), anti-phospho Paxillin¥® (1:1000 Biosource , Belgium), anti-total Paxil{ii: 10000
BD Biosciences, UK) at°C overnight. Membranes were then incubated witlorsgary
antibodies (anti-rabbit 1:5000 or anti-mouse 1:500€llI Signalling Technologies) and
visualized with ECL kit (Amersham, UK). Where nes&y, the membranes were stripped
by incubating with Re-Blot Plus stripping bufferi@micon, UK) before re-probing with
other antibodies including amifubulin (1:8000 Santa Cruz, USA) to confirm equal

protein loading.

2.6 Steroid Exposure and Withdrawal

This experiment was conducted to determine thece@ieexposure and withdrawal

of androgens on SFK activity in prostate cancel logds. Charcoal-stripped foetal calf
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serum, known to contain negligible concentratiommdrogens, at the same time providing
the necessary growth factors, was used as a mbdwirmone deprivation. LNCaP and
LNCaP-SDM cells were seeded in standard cultureianeda density of 1xf0per 9 cm
dish and allowed to attach overnight. The follownay, the cells were washed twice in
PBS and the medium was changed. Each cell lineexpssed to three types of media:
serum-free medium, steroid depleted medium comtgihD% charcoal-stripped serum and
medium containing 10% full foetal calf serum. Afté® hours, which allows for the
metabolism of intracellular steroid hormones, tgdhtes were prepared and western blot
analysis performed as described above. The mentdbraaee probed with anti-phospho
SrcY*® (1:10000) and, after stripping, re-probed withi-tmial Src (1:10000 Cell
Signaling Technologies, UK) and anflubulin (1:8000 Santa Cruz, USA) to confirm

equal protein loading.

2.7 Src Inhibitor Exposure

LNCaP and LNCaP-SDM cells were seeded at a deosity1® per 9 cm Petri dish
and cultured using standard culture media until &@¥fluent and then treated overnight
with a range of dasatinib concentrations. Cell tysawere prepared and western blot
analysis performed as described above. The mentdbraae probed with anti-phospho
SrcY**? (1:10000), anti-total Src (1:10000 Cell Signalifechnologies, UK), anti-phospho
FAKY 37 (1:10000), anti-phospho FAK¥* (1:10000 Biosourse, Belgium), anti-total FAK
(1:10000 BD Biosciences, UK). Dasatinib was prodidey Bristol Myers Squibb and
made up as 10 mM stock in dimethyl sulfoxide (DMSOihce the minimal concentration
that inhibited Src activity was determined, thelsceklere treated with the range of

dasatinib concentrations.
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2.8 Immunoprecipitation

Immunoprecipitation method is based on the inteachetween the antibody and
the protein, antibody-protein complex formationg teeparation of the complex by
immunoglobulin (Ig), which reacts with the antiboayd subsequent analysis by Western
Blot. In this experiment, IgG agarose beads weesl ue provide solid phase support for
immunoprecipitation. Cell lysates were prepareddescribed in previous sections and
samples containing 500 pg of protein in 500 ul bated with anti-total Lyn (1:50 BD
Biosciences) or anti-total Src (1:100 Cancer RetealK) at £C overnight. Then, anti-
mouse IgG agarose beads (Sigma, UK) were adddwetsamples (20 ul per sample) and
further incubated for 1 hour af@. Agarose beads were separated from supernatant by
pelleting in centrifuge at 10000 rpm for 3 min amndshed 3 times in lysis buffer. After
adding sample buffer and loading dye, immune corgdge released by heating the
samples at 9& for 5 min, were analysed as per western blotosmtwith anti-phospho

SrcY*? antibody (1:10000 Cell Signaling Technologies).
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2.9 Migration Assay

2.9.1 Random Migration

To follow random migration, LNCaP and LNCaP-SDMIsekere plated at a low
density (5x16) on glass-bottomed 6-well plates (Iwaki, Japalgwaed to attach overnight
and then treated with increasing concentrationslasfatinib, diluted in standard culture
media. Migration was monitored by video time-lapsi&Eroscopy for 24 hours using a
Zeiss Axiovert S100 microscope with x20 objectivevered by AQM Advance software
(Kinetic Imaging, UK). To quantify the ability ohé cells to spread on glass surface and
the effect of dasatinib on cell spreading, thenbns produced by the cells in each field

was counted and the number of protrusions pemadlplotted in a column graph.

2.9.2 Wound Healing

Wound healing assay was carried out to investitlaeability of prostate cancer
cells to migrate into a denuded area in the presen@absence of dasatinib. LNCaP and
LNCaP-SDM cells were plated at a density of 1%dé€lls per well of a glass-bottomed six-
well plate (lwaki, Japan). The following day, theoumds through the confluent cells
monolayer were made using a fine pipette tip, thwveend per well. The medium was then
replaced with standard for each cell line cultureedram containing increasing
concentrations of dasatinib. The assay was peddrover 24 hours with images taken
from 3 fields per each well every 30 minutes usangeiss Axiovert S100 microscope at
x20 magnification. Cell migration was measuredshptraction of the distance between

the edge of the wound at time 0 and 24 hours UsiageJ software.
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2.10 Proliferation Assay

Proliferation was assessed using the WST-1 assdeni@on, UK) as per
manufactures instructions. The assay is basedeoarthymatic cleavage of the tetrazolium
salt WST-1 to a water-soluble formazan dye by tailunitochondrial dehydrogenases.
Overall activity of mitochondrial dehydrogenasesré@ases proportionally to the number
of viable cells. This leads to the increase inatsttium salt conversion to formazan dye,
which correlates directly to the number of metatally active cells. Following the
addition of the reagent to the cell culture, thogointensity changes over time and this
can be measured by light absorbance using multiggéictrophotometer at 450 nm.
Plotting the absorbance level against time prodacearabolic curve, indicating that after
a period of time a constant increase is reachedasMtements are taken at this point,

although the cells could be incubated for longérigher sensitivity is required.
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Figure 3. Cleavage of WST-1 to formazan
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Cells were seeded in 96 well plates at a density05xkells per well in standard
culture media, allowed to attach overnight andfoilwing day treated with increasing
concentrations of dasatinib, DMSO was added to dbetrol well. The assay was
performed at 48, 72 and 96 hours by addingullOof WST-1 reagent prior diluted in
Electro Coupling Solution (ECS) to each well. Tiptical absorbance level was measured
after 2 hours incubation at %7 using a 96 well microplate reader at 450 nm with
reference wavelength 600 nm. The measurements made from 4 readings in each
condition and the experiment was repeated 3 tim#ssagnsistent results.

To study the effect of androgens on proliferatiothie presence of dasatinib, LNCaP
and LNCaP-SDM cells were plated in standard culmesia for 24 hours after which
LNCaP cells were placed in the steroid depletedimnedontaining 10% charcoal stripped
fetal calf serum and LNCaP-SDM cells in RPMI164@@emented with 10% full fetal

calf serum. WST-1 assay was performed at 48, 7D6értburs as described above.

2.11 Statistical Analysis

Statistical analysis was performed using Microdetcel and the SPSS statistical
package (version 15.0). Small changes in protepression between paired ASPC and
CRPC tumours could be due to random errors in #sessment of histoscores. To
identify individual patients in whom there was sigoevidence of a genuine rise or fall in
protein expression, it was required that the changexpression exceeded a threshold
equal to two standard deviations of the inter-obesedifference for that protein. This
threshold was chosen because, if there was intyewai difference in protein expression
between ASPC and CRPC tumours in a given patidmret would be only a 5%

probability of an apparent difference being obsertleat exceeded the threshold due to

100



random variation. This assumes that the randomti@n between two different observers
assessing the same tumour is of a similar magnitoidbe random variation that would
affect a single observer assessing two differentolwrs with the same level of protein
expression. Changes in protein expression in iddali patients that exceeded this
threshold were termed significant. Wilcoxon Sigriednk Tests were used to compare
expression between ASPC and CRPC tumours. Suramall/sis including time to relapse,
time to death from relapse and overall survival waaducted using the Kaplan-Meier

method and curves were compared with the log-rasik t
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RESULTS
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3.1 Cohort Description

Clinical data, recorded for each patient (Tableintjuded age (median 70, inter
quartile range (IQR) 66-73), PSA at diagnosis (med3.2 ng/ml, IQR 4.6-35.6), PSA at
relapse (median 10 ng/ml, IQR 4-11), Gleason geddbagnosis (median 7, IQR 4-9) and
Gleason grade at relapse (median 8, IQR 6-10). pAtients developed biochemical
relapse (median time to relapse 2.53 years, IQR-4.83 years). At last follow-up, 34
patients had died of prostate cancer and 12 patiead died of other causes, median
follow up was 8.3 years and inter quartile ranges W&-9.1 years. Following diagnosis,
10 % (5/50) of patients underwent surgical orchiolexy and 90% (45/50) received LHRH
analogue initially and then anti-androgen therapyaddition. Following biochemical
relapse 64% (32/50) patients received radiotheraypatients in the current cohort

received taxane therapy.

Features Median Value Inter-Quartile Range (IQR)
Age 70 years 66-73
PSA at Diagnosis 23.2 ng/ml 4.6-35.6
PSA at Relapse 10 ng/ml 4-11
Gleason Grade at Diagnosis 7 4-9
Gleason Grade at Relapse 8 6-10
Time to Relapse 2.53 years 1.57-4.43
Follow-up Time 8.3 years 5.2-9.1

Table 1. Main features of patients’ cohort.
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Table 2. Relationship between main features of theohort and survival.

Time to relapse, | Time to death from Disease-specific
Features
P value relapse, P value survival, P value
Age 0.809 0.137 0.434
PSA at Diagnosis 0.063 0.568 0.664
PSA at Relapse N/A 0.953 0.045
Gleason Grade at 0.473 0.026 0.013
Diagnosis
Gleason Grade at N/A 0.890 0781
Relapse
Mets at Diagnosis 0.182 0.013 0.002
Mets at Relapse N/A 0.001 0.012

In the table above, survival analysis presentedraatg to the main features of the
cohort. There was significant association betwdenpresence of metastatic disease and
survival. Gleason grade at diagnosis had an impactime to death from relapse and
disease-specific survival, although it did not uefhce time to relapse. Age and PSA at
diagnosis did not demonstrate any relationship wittvival characteristics and only PSA

at relapse was associated with reduction in disspseific survival.
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3.2 Immunohistochemistry

In order to determine the level of Src, Lyn and Egpression and activation in the
transition from ASPC to CRPC we used one hundredffsa embedded prostate tissue
sections taken from fifty patients with prostatenaa who underwent hormone-
deprivation therapy and subsequently developed dwoemrelapse. Due to tissue
heterogeneity, full prostate tissue sections weamed using antibodies against total Src,
Lyn, Fgr and phospho Sré¥ representing an active form of SFKs and phospbt3f, a
marker suggestive of inactive Src. The sectionsewdwuble scored and ICCCs were
calculated for each protein at cytoplasm and mengrBrom the table below it is evident
that ICCCs, determined for each protein, were &bestly above level of 0.7, classed as
excellent. Scatter graphs and Bland-Altman plotsewesed to confirm that there was no

observer bias when the sections were immunohos&dco

Cellular pSrcY** pSrcY>?’ Total Src Fgr Lyn
Locations
Cytoplasm 0.94 0.89 0.88 0.91 0.88
Membrane 0.92 0.95 0.93 0.87 0.83
Nucleus N/A N/A N/A 0.78 0.84

Table 3. ICCC determined for each protein.
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Figure 1. Scatter graphs and Bland-Altman plots forcytoplasmic pSrcY*® based on
inter-observer variation. The range and distribution of scores confirmes appropriate

inter-observer correlation.
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Table 4. SFK protein expression profiles.

Antibody Histoscores Number of Patients P value
ASPC CRPC Increase Fall No change
pSrcY*
cytoplasm| 45 (18.75-80)]  70(40-90) | 13(26%)| 3(6%) 34(68%) 0.035
membrang  20(0-60) 50(0-90) 14(28%) |  3(6%) 33(66%) 0.017
pSrcY>*’
cytoplasm| 80(50-112.5) 50(20-90) | 6(12%) 18(36%)  26(52%) 0.002
membrand  50(20-80) 20(0-70) 13(26%) | 21(42%) 16(32%) 0.101
Total Src
cytoplasm| 130(100-180)] 100(80-126.3) 4(8%) 16(32%) 30(60%) 009.
membrang 55(20-116.3) 55(30-110) 10(20%) 13(26%) 27(54%) 26.9
Total Lyn
cytoplasm|  28(5-70) 50(20-80) | 17 (34%) 8 (16%) 25 (50%)] 0.094
membrand  38(10-80) 70(35-95) | 25 (50%) 6 (12%) 19 (38%)  0.005
Total Fgr

cytoplasm| 65(39-100) 50(30-78) | 8 (16%)| 15 (30%) 27 (54%)  0.10
membrand 95(69-112) | 90(63-108) | 8 (16%)| 14 (28%) 28 (56%) 60.5

The sequences surrounding Src autophosphorylatientygosine ¥*° are highly
conserved in the majority of SFK and positive stajnusing this antibody represents
autophosphorylation not only of Src but also otBec family members. There was a
significant increase in overall pSreY immunostaining in the transition from ASPC to
CRPC, more intense cytoplasm and membrane stamasgyobserved in CRPC samples
compared to ASPC. In addition, although the majodf matched specimens on an
individual patient basis showed no change in esivesof phospho Src¥° in the
transition from ASPC to CRPC, a subgroup of pasietitl have tumours that exhibited a

rise in expression as determined by the weightsiécore technique (Figure 1).
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Figure 3. Examples of pSrcY*®immunostaining in specimens from a patient

exhibiting an increase in Src activity in the tran&ion from ASPC to CRPC.

Magnification x400.

Small changes in protein expression between p&A&FIC and CRPC tumours could
be due to random errors in the assessment of basts therefore the mathematic method
as described in the methods statistical analysstiosewas employed for selection of
patients with genuine rises in expression. Changegrotein expression in individual
patients that exceeded this threshold were termeth@ease in expression. Using this
method 13(26%) and 14(28%) patients were notedate lan increase in expression of
activated SFKs (phospho SrEY) in the cytoplasm and membrane respectively (Taple

In addition, there was an increase in overall Lyentbrane immunostaining in the
transition from ASPC to CRPC (Figure 1); more isecytoplasm and membrane staining
was observed in CRPC samples compared to ASPQyaglhonly membrane staining
reached significance). No change in expression ataerved for Fgr and, interestingly,
expression of total Src and phospho Sf@¥i the cytoplasm fell significantly after the

patients developed hormone relapse whereas the rapmbtaining did not change.
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3.2.1 SFK Expression and Clinical Parameters

Following the diagnosis of prostate cancer, theonisj of the patients (46 or 92%)
had bone scans, in 8 patients (16%) it was positivplying the presence of bone
metastases, and in 38(76%) it was negative. Alffterdevelopment of CRPC, the patients,
who had positive bone scans at diagnosis and ne bcan after relapse were considered
as having bone metastases as well as those whodgadive bone scans at diagnosis and
positive scans at relapse (26(52%)). The membranése tumour samples taken from
patients with CRPC stained more intensely withaht-phospho Src%® antibody if there
was evidence of bone metastases (P=0.011). Nofisamti correlation was observed
between the presence of bone metastases and sytoplstaining with antibodies against
phospho Src¥®, phospho Src¥’, total Src, Fgr or Lyn.

The cohort was then further subdivided into groapsording to Gleason grade at
diagnosis and PSA value at relapse, important mstgncriteria in patients with prostate
cancer. High or low PSA at relapse were not aststiaith IHC histoscores and only
expression of cytoplasmic Lyn in the hormone rdéfvac tumours was associated with

Gleason grade (p=0.029).
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Figure 4. Correlation of total Lyn histoscore withGleason score in CRPC samples.
There was a significant positive correlation betweaecytoplasmic total Lyn histoscores

and Gleason grade of prostate cancer speciments.
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3.2.2 Survival Analysis

Use of paired prostate cancer specimens taken iediants prior to commencement
of hormone manipulation therapy and after andraggoape, made it possible to correlate
IHC scores of each individual patient with varieusvival parameters including time from
diagnosis to biochemical relapse, time from relapsedeath and overall survival.
Statistical analysis revealed that a subset oepttj who had an increase in SFK activity
(phospho Src¥*® expression) at the membrane in the transition fASFPC to CRPC, had
a significantly shorter time to relapse, medianetifrom diagnosis to hormone escape in
this subgroup of patients was 1.86(IQR 1.36-2.48ry compared to 2.98(IQR 1.93-4.63)

years for those who had decreased membrane signalahange (P=0.005).
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Figure 5. Kaplan-Meier survival curve plotting the time from prostate cancer
diagnosis to hormone relapse. The patients, who hadn increase in Src activity
developed hormone escape significantly earlier thathose who had a decrease or no

change in Src activation.
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Furthermore, the time from biochemical relapse ¢atd was also reduced: 1.14

(IQR 0.58-2.15) years versus 1.87 (IQR 1.1-1.86yy€P=0.011).
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Figure 6. Kaplan-Meier survival curve plotting the time from prostate cancer relapse
to death. The patients, who had an increase in Sictivity had significantly shorter

time from hormone relapse to death than those whodad a decrease or no change.

Therefore, the combination of reduced time to regapombined with reduced time
to death following relapse resulted in a significeeduction in overall survival, median
survival for those with an increase in membrane spho SrcY!® expression was
2.91(IQR 2.42-4.92) years compared to 6.33(IQR 4.25F) years for those patients with

tumours that had a decrease or no change in ph&hd'® expression (P<0.0001).
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Figure 7. Kaplan-Meier survival curve plotting the time from prostate cancer
diagnosis to death. The patients, who had a decrea®r no change in Src kinase

activity lived significantly longer than those whohad an increase in Src activity.

However, when multivariate Cox regression analysis performed for the patients
with an increase in SFK activity taking into accothme presence of metastases at relapse
and Gleason score, SFK activity was noted to bepaddently significant only for the
time from relapse to death (P=0.018) and overalligal (P=0.01).

No association with the time to relapse or survivak observed for Fgr, total Src
and phospho Src¥’, however an increase in membrane Lyn expressianasaociated
with a shorter time to relapse (P=0.022). Mediaretfrom diagnosis to hormone escape
in this subgroup of patients was 2.29(IQR 1.78-Ry@®ars compared to 3.2(2.45-3.99)
years in those who had a decreased membrane signalchange. This was also observed
for an increase in cytoplasmic Lyn expression, medime from diagnosis to hormone
escape in this subgroup of patients was 2.41(IQ@R-2.73) years compared to 3.2(IQR

1.98-4.45) years in those who had decreased memltsignal or no change (P=0.040).
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However, multivariate Cox regression analysis destrated that increase in Lyn
expression was not independently significant whengresence of metastases at relapse
and Gleason score were considefdd.association with time from biochemical relapse t

death or overall survival were observed.

3.3 LNCaP and LNCaP-SDM Cell Lines

3.3.1 Androgen Stimulation

LNCaP cell line is an established model of horm@easitive prostate cancer;
whereas LNCaP-SDM cell line has been developedyysainental LNCaP cells by gradual
reduction of androgens in the medium, thus simugatandrogen withdrawal during
hormone deprivation therapy. In order to confirndr@gen sensitivity of these cell lines,
androgen stimulation experiment was conducted. Baih lines were exposed to the
medium containing charcoal stripped foetal caluisgerfull foetal calf serum and a range
of DHT concentration (0.1 nM, 1 nM, 10 nM, 100 nNDells were counted following 48,
72 and 96 hours (Figure 6).

Cell count showed that the cell line reacted défetly to the DHT exposure. LNCaP
cells displayed dose-dependent increase in the auwoflcells at 48 hours time point. At
72 and 96 hours intervals, this pattern continugd the exception of cells exposed to 100
nM of DHT the number of which did not increase, ably due to DHT toxicity. In
contrast, the number LNCaP-SDM cells did not inseem response to DHT, there was
slight decrease in cell numbers with increasing Dddifcentration after 96 hours. Thus, it
was concluded that LNCaP and LNCaP-SDM cells regprtegoodin-vitro models of

androgen sensitive and castration resistant peostatcers respectively.
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Figure 8. LNCaP (left column) and LNCaP-SDM (rightcolumn) cells counted
following the exposure to DHT. Medium containing barcoal stripped and full foetal
calf sera used for controls. The cells were harvesd after 48, 72 and 96 hours after
the exposure to DHT. The column bars represent theelative numbers of the cells per

condition. Error bars represent standard deviationfrom 4 counts.
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3.3.2 Steroid exposure and withdrawal

In order to assess the effect of androgen stinmaaind withdrawal on Src kinase
activity, both cell lines were exposed to varioudtwwe media including serum-free
medium, medium containing dextran charcoal-stripfoedal calf serum (steroid depleted
medium) and full foetal calf serum. SFK activity LNCaP cells, experiencing acute
androgen withdrawal in steroid depleted medium redsiced to the same degree as in the
cells that were serum starvedn LNCaP-SDM cells, routinely cultured in charcoal-
stripped serum, long-term androgen deprivation lteduin higher basal level of SFK
activity compared to LNCaP cells in equivalent orét conditions. When deprived of
growth factors in serum-free medium LNCaP-SDM cédilsplayed a further reduction in
SFK activity, whereas treatment of these cells wiih foetal calf serum containing
physiological amount of androgens, increased SRKigg although it did not reach the

level observed in parental LNCaP cells.
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Figure 9. Steroid exposure and withdrawal experimen Both cell lines were exposed
to various culture media, including serum starvatim (SS), steroid depleted medium
(SDM) and medium containing full foetal calf serum(FM). Src kinase activity was
estimated by western blot analysis. The cells in iumedium, containing physiological
concentrations of androgens exhibited the highestr&activity, whereas hormonal

deprivation as well as serum starvation dramaticall reduced activity of Src kinase.
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3.4 Inhibition of SFK Activity In Vitro

3.4.1 Inhibition of SFK Activity and Downstream Markers

Dasatinib was used to investigate the effects af iBhibition on LNCaP and
LNCaP-SDM cells. Treatment of LNCaP and LNCaP-SDdiscwith dasatinib resulted in
a dose-dependent reduction of SFK activity using #utophosphorylation of Src at
tyrosine Y as a marker of activation. Complete inhibitionSfK activity in LNCaP
cells was seen at 50 nM. SFK activity was also segged in LNCaP-SDM cells, although
complete inhibition was achieved at slightly higleencentrations (75 nM). Interestingly,
in LNCaP-SDM cells increasing the dose of dasatiegulted in an increase in total Src.

FAK phosphorylation on tyrosine ¢ (Src-dependent phosphorylation site) was
also inhibited by treatment with dasatinib in ba#ll lines in a dose-dependent manner
while the levels of phospho FAKY (Src-independent autophosphorylation site) aral tot
FAK remained unchanged (Figure 10 and 11). We tiya&ted whether inhibition of Src
kinase activity would result in downstream inhibitiof Paxillin, which is used in various
studies as a biomarker of effectiveness of SFKbitdn therapy. Our experiments have
demonstrated that in both LNCaP and LNCaP-SDM c#ire was no significant

reduction in Src-dependent phosphorylation of pitaXi*'® (Figure 12).

119



& InM  10nDM 25nDMN 73nMN 100nM

— R pSrcY"“’
i At s— — Gp—— wabectne Total Src

T — - pFAKY®6!

el e - pRAKYY

— g— q—— G —  g—y gpoeeny  Total FAK

S C—  — —— ———— — Tubulin

Figure 10. LNCaP and cells were exposed to increagi concentrations of dasatinib.
Western blot results confirmed Src suppression witii0 nM dasatinib and higher.
Src-dependent phosphorylation site pFAKY®! was also inhibited, whereas

PFAKY 3% which is Src-independent was not affected.
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Figure 11. LNCaP-SDM cells were exposed to increaj concentrations of dasatinib.
Western blot results confirmed Src suppression witl25 nM dasatinib and higher.
Src-dependent phosphorylation site pFAKY¥®! was also inhibited, whereas

pFAKY 3%/ which is Src-independent was not affected.
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Figure 12. LNCaP and LNCaP-SDM cells were treated ith various concentration of
dasatinib and Western blot performed to find out wrether inhibition Src kinase
activity would result in reduction of Src-dependentphosphorylation of Paxilliny*2
This experiment demonstrated that there was no inhition of pPaxilliny **®in both

LNCaP and LNCaP-SDM cell lines.
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3.4.2 Study of Src and Lyn activity

Due to cross-reactivity of anti-phospho Sft¥antibody in the majority of SFK it was
necessary to immunoprecipitate Src and Lyn to stibgyeffect of dasatinib on kinase
activity in individual family members. Thereforajtially it was necessary to extract each
protein from the lysates of the LNCaP and LNCaP-SBs treated with dasatinib, by
conjugating them with anti-total Src or Lyn antilesl The extracted proteins were then
processed using Western blot technique and the magr@b probed with anti-phopsho
SrcY*? antibody that would detect both Src kinase and kirase activity. Dasatinib
inhibited Lyn autophosphorylation in both LNCaP dddCaP-SDM cells at equivalent
concentrations (Fig. 3D). Higher concentrationsrevenecessary to inhibit Src

autophoshorylation in the LNCaP-SDM cells.
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Figure 13. Inhibition of Src and Lyn activity studied separately by
immunoprecipitation due to cross-reactivity of antipSrcY**® anitboby in SFK. Src
and Lyn were initially extracted from the lysates é LNCaP and LNCaP-SDM cells
exposed to dasatinib in different concentrations, #h anti-total Src and Lyn
antibodies and then processed using Western blotdenique. The membranes were

Y419

then probed with anti-pSrc antibody that detected both Src and Lyn kinase

activity.
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3.5 Inhibition of Cell Migration by Dasatinib

3.5.1 Protrusion Dynamics

Dasatinib treatment of prostate cancer cells altenecroscopic appearances of the
cells, resulting in cell rounding and the loss efl protrusions. The changes, observed
using light microscope, were dose dependent ancklated with the results of western
blot, showing inhibition of Src and FAK activitynterestingly, morphological changes in
LNCaP cells were more pronounced when compared\tGaP-SDM cells.The dramatic
changes in cells shape could not be attributecsatihib toxicity as the cells, esp. LNCaP

continued to proliferate at the same rate in eactuition.
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Figure 14. Morphological changes in LNCaP and LNCaFSDM cells observed after
dasatinib treatment overnight in standard culture media using increasing
concentrations of the inhibitor. There was dramatidoss of cells shape with the
appearences corresponding to the changes in SFK adty.
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Microphotographs in figure 13 reveal alterationtle shapes of cells treated with
dasatinib, resulting in cell rounding and loss abtpsions. Development of cell
protrusions is an important phase in cell migratamal proliferation. Protrusions serve as
propulsion mechanism, allowing the cells to penetthrough extracellular milieu and, in
case of the cells growing in the laboratory, attao spread on the underlying surface as
well as develop cell-cell contacts. Preventing te#ls from developing protrusions,
dasatinib inhibited cell spreading. This was obsdrand quantified over period of 24

hours using time lapse microscopy.
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Figure 15. Protrusion formation in LNCaP-SDM cellstreated with dasatinib.
LNCaP-SDM cells ceded on glass surface and treatedth increasing consentrations
of dasatinib. Protrusion count was performed for eery cell in the field and the final
number was the average number of protrusion per celProtrusions count result

represents the average of 3 fields in each conditio
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3.5.2 Wound healing

Time lapse video microscopy was employed to ingasti the effect of dasatinib on
LNCaP and LNCaP-SDM cell migration into a denudezhaising a wound healing assay.
The cells were ceded and the wound were made thrawgpnfluent monolayer, 3 wound
per field. The results represent an average of @nrements per each condition and the
experiment repeated 3 times with consistent results

Both, LNCaP and LNCaP-SDM cells exhibited a simdase-dependent reduction
in migration when treated with increasing conceidre of dasatinib for 48 hours (Figure
15). Column graphs, representing quatificationlysis are included (Figure 16). The
measurements reflect the difference in the distdoetereen the edges of wounds at the
beginning of the experiment and at the end. Ths difference was greater for the cells
that were untreated or treated with low concertdratiof dasatinib as they travelled more,
while the difference between the edges of woundstli@ cells treated with high
concentrations of dasatinib was minimal.

LNCaP cells cultured in full medium, containing talecalf serum were noted to
have long protrusions, whereas the protrusiongjymed by LNCaP-SDM cells when kept
in androgen depleted medium, rarely exceeded thgtHeof the body of the cell.
Interestingly, when cultured in the medium contagniphysiological concentrations of
androgens (foetal calf serum), the number of LNG&MM cells forming long protrusions

significantly increased.
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Figure 16. Migration of prostate cancer cells intadlenuded areas. LNCaP and
LNCaP-SDM cells were treated with dasatinib and thevound were made through
the confluent monolayer. The cells then migrated ito the denuded space as
represented by the control at the beginning of thexperiment and after 48 hours.
Microphotographs of treated cells at the end of thexperiment are presented.
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Figure 17. Quantitative assessment of wound healirggsay. Column bars
represent the difference between the distance betem wound edges at the
beginning of the experiment and after 48 hours. Theells in control wells
migrated further than the cells treated with dasatnib. Error bars represent

standard deviation from 3 measurements in each coiitebn.
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3.6 Inhibition of Cell Proliferation by Dasatinib

Growth of hormone sensitive LNCaP cells is drivenstty by androgens while
hormone refractory LNCaP-SDM cells are thought tepe&hd on growth factors
transmitting oncogenic signals via tyrosine kinas@seatment with dasatinib inhibited
proliferation of hormone-refractory LNCaP-SDM celisa dose-dependent manner (IC50
500 nM) at concentrations corresponding to intobitof SFK activity. Proliferation of
hormone sensitive LNCaP cells was not significantiifibited by dasatinib even at
concentrations up to 10 pM. Interestingly, intrailuc of androgens to the steroid
depleted medium, used for routine culture of LNGIPM cells, did not rescue
proliferation suppressed by dasatinib. In addjtioeatment of LNCaP cells experiencing
acute androgen withdrawal in steroid depleted nmadiid result in further inhibition of
proliferation although this was observed at coneginins of dasatinib higher than 10 uM

and, therefore, this effect was thought to be nuecHic.
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Figure 18. Effect of dasatinib on cell proliferation as determined by WST-1 assay.
LNCaP and LNCaP-SDM cells were treated with a rangef dasatinib concentrations.
This graph represents the results of WST-1 assay germed at 96 hour time point.
Optical absorbance level is proportional to the nurher of metabolically active cells
and presented here as the percentage of the contralith the control being 100%.
There was no significant reduction in proliferationof LNCaP cells whereas the
proliferation of LNCaP-SDM cells was significantlyreduced with dasatinib
concentrations 75 nM and higher. Error bars represat the standard deviation from

4 measurements in each condition.
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DISCUSSION
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Introduction

Prostate cancer is the most common cancer in mdnsaocond leading cause of
cancer-related deaths in the western world (29}ieRs with locally advanced or
metastatic prostate cancer are mostly prescribsttat@n therapy in the form of LHRH
agonists, anti-androgens or surgical orchidectomgvitably, despite the treatment, the
disease progresses towards hormone resistant Is@tég the patients and the clinicians
few viable options. Palliative methods usually asnhef pain relief by means of analgesia
and palliative radiotherapy to the areas of paitioihe metastases, bisphosphonates and
radioisotopes. Application of systemic chemotherappatients with hormone refractory
prostate cancer has proved disappointing, onlynaskmased therapy has shown clinically
significant improvement in survival, palliation ®gmptoms and improvement in quality of
life (195).

Urgent requirement for further research into mol@cmechanisms underlying the
development of CRPC has been highlighted by the ddprogress in the treatment of the
disease. In a recent systematic review of clinig@ls investigating the effect of
chemotherapy in prostate cancer, published by @oehCollaboration Project (196), the
authors recommended further research in molecutar genetic complexities of the
disease as a way to improve the outcomes. Numeanisoversies, resulting in difficulty
interpreting and comparing the trials, stem frontel@geneity in patient populations as
well as individual cases. Therefore, stratificatmpatients into well defined groups by
selecting individuals according to positive bionek for example, is considered
important in order to increase the likelihood ofsessful treatment (197).

Malignancies are characterised by up-regulatiormottiple signalling pathways,
allowing the cancer cells to evolve and adapt testantly changing microenvironment.

Defining key elements, driving intracellular sigimad can potentially result in the
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development of inhibiting strategies, althoughsiunlikely that single agents would have
‘magic bullet’-like impact. Combining the agentssed to target multiple molecular
cascades or using novel small molecule inhibitoits wonventional cytotoxic drugs and
hormone deprivation therapy could be a way forw@4h). Although multiple potential

targets have been identified, certain moleculeslucthng SFK, are more promising in
terms of inhibiting potential. This is due to conient position of SFK on the map of
signalling pathways, being involved in the exteasoross-talk and regulating multiple

intracellular events.

136



4.1 Correlation of SFK Activity with Clinical Parameter s

4.1.1 Immunohistochemistry

Despite exponential growth in number of laboratests available to clinicians over
the last 50 years, histopathology remains the gtdchdard when it comes to decision
making in surgical oncology and pathology. Intetatien of histological data is based
primarily on tissue morphology and, therefore, mremtly it is a subjective process. In
order to add objectivity, immunohistochemistry (IH@as initially been used to
complement morphological appearances of the tiggtle molecular information. More
recently, IHC has become standard in predicting amdluating response to novel
molecular based targeted therapies (198). In bremster, for example, IHC is used to
determine ER status in order to select the patwhts should receive tamoxifen. IHC has
been crucial in discovery that HER-2 status coultljgt resistance to systemic therapies
and HER-2 positivity is associated with increaseattality and higher rate of recurrence
(199). Moreover, targeting HER-2 with humanised owaonal antibodies, such as
Trastuzumab (Herceptin; Genentech, CA) or smallecde dual HER-1/HER-2 inhibitor
Lapatinib (Tykerb, GlaxoSmithKline, PA) improvestoomes in context of metastatic
disease and adjuvant therapy (200;201).

Since the discovery of IHC by Coons and Jones, edtablished immunofluorescent
method to detect bacteria, the technique has bestemelard in diagnostic pathology and
experimental biology. In our laboratory, IHC hassbheemployed extensively to study
cancer cell signalling using paraffin-embedded uisssections (112;202;203). The
technique typically starts with antigen retrievaithwthe goal to unmask the antigen,

hidden by formalin cross-links. Although severalthoels of antigen retrieval exist, for the
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purpose of SFK staining, when optimising the procedt was established that it is best
performed in pressure cooker with tissue slides ensed in citrate buffer. The next step
involved application of primary antibody and it wdstermined that best results were
achieved when exposure to antibody for total Sre Waited to 1 hour, whereas it was
necessary to incubate the tissue section with glmspecific antibodies overnight. This
followed by exposure to secondary antibody, depepdin species in which primary
antibody was raised. It was possible to achievesistent immunostaining with the range
of colours allowing necessary quantification.

Molecular quantification methods have been in exisé for several decades. These
technigues include reverse transcriptase polymemdsan reaction (RT-PCR) for
quantification of nucleic acids, and antibody-basezthods for protein quantification, e.qg.
enzyme-linked immunosorbent assay (ELISA). A maisadvantage of these methods is
the requirement for tissue destruction in ordergt@ntify specific biomolecule, with
complete loss of valuable spatial information. las€ of SFK, it was essential to
differentiate cytoplasmic from membrane immunostajndue to the fact that inactive
SFK are positioned mostly in peri-nuclear area, ieaag SFK activation is associated with
the transfer of the proteins through the cytoplésitie membrane. In fact, most important
findings were made when analysing membrane immaiosy.

Interpretation of IHC results has been the subpéaxtensive debates, particularly
following introduction of IHC-based tests into row@ medical practice. The need to
standardise IHC reading has been highlighted rgcenhen it was found that in up to
20% of HER-2 tests, performed in breast canceepttimay be inaccurate, with resulting
clinical implications for the treatment and progiso§204). Inter-observer variability,
therefore, represents a major issue affecting twracy of results with clinical and
scientific implications. Although IHC is interpretesubjectively by pathologists or

experimental biologists, it is possible to prodaceobjective and continuous system or
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scale to measure protein expression. The techrofueeighted histoscore, employed in
this study, provides the possibility to quantifyof@in expression by means of continuous
variable (205).

Regardless of tumour type or size, if the tissuetizes are scored by two
independent appropriately trained observers, ipassible to achieve consistency and
reproducibility, reducing the need for dual scoridgwn to 10% of samples without
sacrificing the accuracy. The quality and standastisnter-observer variation can be
determined by interclass correlation coefficie@QIC), which is expressed as the variance
between subjects relative to the sum of the vadatmmponents for subjects, observers
and random error (205). ICCC represents a stepduftom HSCORE (206) and Allred
(207) criteria that attempted initially to produceore continuous scale than binary
positive-negative end point or a 3- to 4-point scdVhile the lower acceptable threshold is
a matter of debate, the ICCC level of >0.9 is cde®d to be excellent (205). In this
study, it was possible to achieve ICCC score highan 0.9, producing sufficient quality

of data interpretation.

4.1.2 Tissue Sampling

Another possible issue affecting variability of IH€sults relates to tissue
heterogeneity, stemming from processing methodst{éin methods, extent of fixation
and validation of reagents) as well as true biaalgheterogeneity. While the former
received much attention in the literature, verylditis known about the latter. It is
important to consider that prostatic adenocarcinoepaesents a heterogeneous group of
neoplasms with broad spectrum of pathologic andemdar characteristics and variable
natural history of the disease (208). Thereforkenvtracking the changes in the tissue

throughout the course of the disease, it is prbferm study the samples that are related to
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each other as closely as possible. As there isfisigmt geographical and racial variation
in the rates and aggressiveness of prostate caf@$rshe individuals should ideally be of
the same race and living in the same area. Althauighnot always possible, the series of
tissue samples should be from the same individaats this should contribute to the
reduction of variability.

The subjects, recruited for this study were all €eian males from Central Scotland
region. Fifty patients were selected accordingttimgent criteria and, therefore, only one
patient was deemed suitable out of twenty conster@he selected patients received no
prior treatment and following the diagnosis, wereeg castration therapy, resulting in
biochemical response as represented by a sigrifregluction in PSA. Thus, the tissue
samples taken prior to the treatment being adneiredt could be considered as hormone
naive. The patients had regular PSA measuremeluwiad to determine when they
reached PSA nadir and when PSA levels startedst the patient were considered as
having hormone relapse. The second tissue sameakan following hormone relapse
when the patients developed bladder outflow obstmcand underwent channel TURP.
This second tissue sample, therefore, represerdgsttaton-resistant prostate cancer.
Accordingly, having two sets of prostatic tissuenp&es, taken from the same individual
prior to castration therapy and following hormoméapse, made it possible to track the
changes in SFK protein expression and activatieach individual.

While having matched paired tissue samples provasteddvantage in comparing the
protein expression and activation before and dfi@mone relapse, by including the
patients all of whom underwent channel TURP mayehatroduced selection bias. At the
time of writing there were no publications, studyipatients with CRPC undergoing
channel TURP. Sehgal et al. reported 42 patients advanced prostate cancer requiring
channel TURP, although the status of hormone seibgitvas not commented upon (209).

The authors noted that the patients requiring chlaRdRP had higher Gleason grade than
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the patients, who presented with acute urinaryntete and had successful trial of voiding.
In another study of 19 patients with advanced ptestancer, 67 % had high grade
(Gleason grade 8-10) prostate cancer, whereas 2§26 of prostate cancer patients,
undergoing TURP for bladder outflow obstructionioprto diagnosis being established,
had high grade disease (210). It is also possiblargue that the patients, who had
operative interventions may have had less co-miuidsg than those, who developed
symptoms of bladder outflow obstruction and weeatied conservatively, with indwelling

catheter for example. At present, prostate biogsgat performed routinely in patients
with CRPC and, therefore, channel TURP represdaohly source of prostate tissue in

patients with CRPC.

4.1.3 Analysis of SFK Immunostaining

Analysing matched paired prostate cancer tissuglssimtaken from patients prior
to hormone deprivation therapy being administered after hormone relapse, made it
possible to correlate molecular changes, occuirntipe tissue as the patients developed
hormone resistance, with various clinical paranset@espite the fact that a wealth of
information on SFK status vitro in prostate cancer cell lines is available and the
commencement of clinical trials of SFK inhibitors CRPC, there are no studies of SFK
expression and activation in clinical samples latren to clinical data, including survival.
Goldenberg-Furmanov et al. reported immunohistoub@ analysis of total Lyn
expression in prostatic epithelium in human prestaincer samples and in prostate cancer
metastases (15). The authors noted that Lyn imntaimisg in prostate cancer cells was at
least as intense as in adjacent normal prostaiibedjpm. In addition, when prostate

cancers were showing two Gleason grade patterms gkpression tended to be higher in
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less differentiated regions. Another SFK member Wwgas also found to be overexpressed
in prostate cancer as compared to normal prosptibelium (17).

Although the expression of total SFK proteins ina@s is probably important, it is
SFK activation that is thought to be a key elemermncogenesis (13). Phosphorylation of
tyrosine Y*° of Src kinase domain and its equivalent in otlaenify members is regarded
as a reliable marker of SFK activation and, theesf@application of phospho-specific
antibodies can be used to define SFK activatiotustan human prostate cancer tissue
(211). Paronetto et al. described the use of drispho Src¥*® antibody to stain prostatic
tissue and found that in 4 patients with advancexstpte cancer (Gleason grade 7-9),
membrane immunostaining of cancer cells was mdaenge than that of normal prostatic
epithelium. In another publication on the role dR Ahosphorylation in prostate cancer,
pSrcY* immunostaining was performed using prostate catissue microarrays (50).
The prostate cancer tissue taken from the patiemiishormone-refractory disease stained
more intensely, when compared to hormone-naive tusncand benign prostatic
hyperplasia.

In this study, IHC was performed using antibodigaiast total Src, total Lyn, total
Fgr, phospho Src¥® and phospho SrcY’ (marker of Src inactivation). Sré¥
autophosphorylation site is highly conserved inSHK members and, therefore, it is not
possible to say activation of which SFK memberrasvplent in stained tissue due to cross-
reactivity. In the future, commercially producedibadies could be used to distinguish the
role of activation of different SFK members. SFKnmostaining was almost exclusively
confined to prostate cancer epithelium with vetyeistaining of stroma cells. Comparing
the staining of pre-treatment prostate cancer gigsuhe tissue taken following hormone
relapse, subgroups of patients were identifiedyhiom there was a significant change. In a
subgroup of 14 patients (24%), there was a sigmtiancrease membrane anti-phospho

SrcY*'® immunostaining (p=0.017), in the transition fronBRC to CRPC. Survival
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analysis showed that these patients had shortex tomelapse (p=0.005), shorter time to
death from relapse (p=0.011), which resulted inten@verall survival (p<0.0001). This is
the first study to demonstrate the correlation leemvthe increase in membrane pSTéY
iImmunostaining and survival in prostate cancergodsi.

Separating cancer patients according to positisenbrkers is becoming common in
oncology, where the treatment is increasingly tedloaccording to individual tumour
profile. The patients with advanced breast cancerrmw routinely tested for HER-2
status of their breast tumours to identify thoseovene likely to benefit from HER-2
targeted therapy. It is thought that approximag€y30% of patients with advanced breast
cancer are found HER-2 positive and receive HERKbitor trastuzimab (198). As SFK
inhibitors are now in clinical trials for CRPC,ntay be beneficial to test prostate cancer
patients in order to identify those with the in@ean SFK activity in prostatic epithelium.
Defining this subgroup may increase the qualitystaitistical data (enrichment method),
which ultimately could be translated into clinigmbctice.

Much attention in literature has been given tortle of Src in normal function of
bone cells and bone re-modelling in metastaticatis€179). Preponderance of metastases
in prostate cancer to the bones is well known apdesents a major source of morbidity.
Targeting key molecules, participating in format@amd development of bone metastases
in prostate cancer may provide clinicians with rotreerapies that could be used at
different stages, including localised prostate eario neo-adjuvant context as well as
progressive and advanced stage, where limiting tir@ivmetastatic deposits may help to
palliate the symptoms (180). We found that in pasewith CRPC, prostate tumour
samples taken from those who had metastatic disgageed more intensely with anti-
phospho Src¥? antibody than those who did not have evidence afebmetastases
(p=0.011). This is probably due to up-regulation $#K activity leading to more

aggressive and motile phenotype, promoting detanhrok cancer cells and metastatic
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spread. Thus, selecting the patients at an eathge may provide the opportunity to target
SFK activation and potentially prevent or reduce ¢hance of developing secondary bone

tumours.
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4.2 Cell Line Model of Castration Resistance

Attempts to establisliin vitro cultures of prostatic carcinoma have been ongoing
since early 20 century. First attempts were successful in soafathe development of
primary tissue cultures that only lasted short tdtrwas not until 1970s when Fraley et al.
described a prostatic cell line, although it wasrd&ound to be cross-contaminant of HelLa
cells (212). Over the following years, establishinehstable continuous cell lines has
proved particularly difficult in prostate cancen @ate, there are over 30 cell lines used in
research settings and the number continues to @blwough, mostin vitro studies
employed the three earliest established prostaieecaell lines: LNCaP (213), PC-3 (214)
and DU-145 (215). Interestingly, all three celldsnhave been derived from metastatic
sites: LNCaP from lymph node, PC-3 from bone andI28 from brain. While LNCaP
cell line is considered to be hormone responsivé dmerefore, represents a model of
ASPC, PC-3 and DU-145 are androgen independents, TP@-3 and DU-145 cell lines
have been used in laboratory experimenis agro models of castration resistance.

Potential drawback of the use of PC-3 and DU-14blices in studies of molecular
mechanisms of the development of CRPC in genedhttanrole of SFK in prostate cancer
in particular, is the fact that none of these taks express AR (216). Increasingly, it is
thought that AR plays a major role in the prograssof prostate cancer to castration
resistance. Studies of clinical tumour samples hstvewn that the majority of CRPC
samples express functional AR and that the tissuecentrationsof PSA and other
androgen-responsive genes increase in the seatimgstration-resistant tumour growth
(217). In context of SFK signalling in prostate can AR has been demonstrated to create
complexes with Src, activating Src-dependent paylsveand stimulating growth of CRPC
(40). It is possible to transfect PC-3 cells witR A order to investigate the action of anti-
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androgens on various cell functions, although tgkanhormone sensitive cell line and
attempting to develop castration resistance bydsaWwing the androgens would probably
produce more physiologically relevant results.

Recently,in vitro studies and in animal experiments, scientists hageeasingly
been using derivatives of LNCaP cell line expregdunctional AR with the ability to
progress in androgen depleted conditions. Thalnered. described the development of
C4-2 cell line by inoculating LNCaP cells into maéymic nude mice, castrating the
mice and maintaining the resultant cell line in tastrated host (218). This model was
mimicking closely the natural history of prostagncer with the ability to develop both
lymph node and bone metastasesivo and, therefore, was suggested for further studies
on molecular mechanisms of CRPC. This cell line \eder found to overexpress Src
protein and the treatment with Src inhibitor PPZwlamonstrated to increase apoptosis
(219). Furthermore, inhibiting Src resulted in reeldl AR transactivation and subsequent
recruitment to AR target genes, reduced growthiawaision. Another related cell line C4-
2B was used to produce metastatic animal modeladtate cancer by injecting the cells
into tibiae of SCID mice. Application of SFK inhtbr dasatinib alone or in combination
with docetaxel was effective in lowering sacrif@erum PSA and increasing bone mineral
density in the tumour sites (220).

In this study, we used LNCaP-SDM cell line, a variaf LNCaP cell line that was
developed by gradual withdrawal of androgens fratuce medium and maintained in the
medium supplemented by charcoal stripped foetdl s®lum, containing significantly
reduced concentration of androgens. Androgen satiom experiment demonstrated that
LNCaP cells displayed dose-dependent reaction td@ Btimulation, whereas LNCaP-
SDM cells did not increase proliferation when DHTasvadded to steroid-depleted
medium. There was increase in proliferation of LIRGzells with the concentrations of

DHT up to 10 nM, although the cells stimulated 90 IhM DHT demonstrated reduced
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growth probably due to DHT toxicity. Therefore, LBE-SDM cell line, developed by
mimicking androgen withdrawal during hormone degtion therapy, represented a good
model of castration-resistant prostate cancer.

We then investigated whether androgen deprivationlav affect SFK activity by
placing the cells in various media with or with@mdrogens. Androgen withdrawal led to
dramatic reduction in SFK activity in both cell é& especially in androgen-sensitive
LNCaP cells. This is probably due SFK in the preseaf androgens being activated by
AR via complex formation and SFK intramoleculamiigsgement. Although this effect was
more pronounced in LNCaP cells, androgen stimulaéilso led to the increase in SFK
activity in LNCaP-SDM cell line, suggesting contgus importance of AR signalling in
CRPC and cross-talk with SFK. In LNCaP cells, digant reduction in SFK activity
when being placed in androgen-depleted medium, lleguto serum starvation further

underlying the importance of AR signalling for SElépendent pathways.
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4.3 Role of SFK Activation in Prostate Cancer

4.3.1 Biomarkers of SFK Activation

With increasing use of SFK inhibitors in clinicalagtice, it is imperative that
reliable biomarkers of SFK activation are developedospho-specific antibodies, raised
against activated enzymes have proved essentiah wshedying molecular signalling
pathways. These antibodies can be applied in dlirgettings in order to determine the
concentrations of inhibitors necessary to achidwe desired clinical effect. This is
especially important in context of SFK inhibitogsyen that it is Src activation rather than
total expression, which is thought to drive oncagesignalling (13). Identification of Src
autophosphorylation site tyrosine¥ provided a reliable read-out of Src activity doe t
correlation of its level with kinase activity ofdhenzyme (169). Upon Src activation,
multiple downstream substrates become phosphodykatd, therefore, these could be also
used as biomarkers. Among them, Src-dependent pbogption sites on paxillin
phosphorylated at tyrosine ¥ FAK phosphorylated at tyrosine % and p136*
phosphorylated at tyrosine*} have been previously suggested (158;169).

In this study, we used anti-phospho Stthas a biomarker of Src activity in clinical
samplesin vitro experiments have demonstrated that Src kinaseitgottas reduced in
dose-dependent manner, when LNCaP and LNCaP-SDM we&re exposed to SFK
inhibitor dasatinib. As expected, dasatinib treattrled to the decrease in Src-dependent
phosphorylation of FAK at tyrosine®¥ and autophosphorylation of FAK at tyrosin&¥Y
which is Src-independent, did not change. Therefooth pSrcY® and pFAKY*®* could
potentially represent biomarkers of SFK inhibiti@ose-dependent inhibition of Src and

FAK activity was further correlated with microscogppearances of the cells as dasatinib
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induced dramatic morphological changes, resultimgpiotrusion withdrawal and cell
rounding. Interestingly, our experiments showedt thhosphorylation of paxillin at
tyrosine Y*® was not affected by dasatinib and, thereforerate of paxillin activation in
prostate cancer would need to be further elucidated

Phospho-sequences surrounding Src tyrositté ahd its equivalents in other SFK
are very similar and, therefore, it is not possitiedistinguish between various SFK
members, unless SFK members are investigated s$elyaréhis could be done in both
tissue cultures and clinical samples, although nt@mbd spacial information would be lost
due to the necessity of tissue destruction. It pr@viously been suggested that various
SFK members may have different roles in the devatayg of prostate cancer and its
progression to castration resistance. Knockout af By SiRNA revealed that Src
suppression impacted mostly on cell migration, whsrinhibition of Lyn resulted in the
reduction of proliferation (18). Dasatinib has poasly been demonstrated to inhibit both
Src and Lyn usingin vitro kinase assay (158). Immunoprecipitation experigient
performed in this study have shown that kinasesagtf both Src and Lyn were inhibited
by dasatinib. Presently, it is not known which SKkember is responsible for the
functional outcome of SFK suppression as this dalfeonly be available when phospho-

specific antibodies are developed against eachi8&ber.

4.3.2 SFK Role in Cell Proliferation

Despite considerable evidence implicating SFK iuta proliferation, questions
remain whether SFK activation or elevated expreshas any effect on the actual tumour
growth in solid malignancies. In studies involviaglon and bladder cancer cell lines,
increased expression of constitutively active arake-defective mutants of Src did not

affect cell proliferation (221;222), whereas oth&tudies demonstrated inhibition of
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proliferation, when expression of Src was reducgdritisense approach (223). In prostate
cancer, the proliferation of hormone-sensitive tunsds mostly driven by androgens and,
therefore, the focus of investigations on the wil&FK in cellular proliferation has been
on castration-resistant tumours. Extensive cragsefaSFK with growth factor receptors
and GPCRs may imply certain SFK involvement in ifechtive cascades, although it is
not clear whether SFK expression or activatiorsgeatial in stimulating CRPC growth.

Conflicting results from the studies based on ke manipulation stem from the
lack of specificity small molecule inhibitors oftetisplay. PP1 and PP2 for example,
pyrazolopyrimidine-based competitive inhibitors ATP binding have been extensively
used in tissue culture, including prostate canedirlioes, to study the cellular features of
Src inhibition (224). Pyrazolo-pyrimidine compounidave been applied in proliferation
and migration studies in order to elicit the effe€iSrc inhibition in prostate cancer cells
stimulated with various growth factors (43;46;9Ihese chemicals are proven, however,
to inhibit other tyrosine kinases including PDGtens cells factor receptor c-Kit, tyrosine
kinase Ret etc. with am vitro 1Cso below the concentration used in these experiments
(225-227). Recently developed SI35 and S140 pyog2p4-d) pyrimidines were effective
in reducing EGF stimulated PC-3 cells proliferatamnconcentrations M and higher,
whereas much lower doses of the inhibitors wered useelicit the reduction in cell
adhesion and migration (162).

Dasatinib, SFK inhibitor used in this study, hasrmbedemonstrated to inhibit
proliferation of PC-3 cells at low nanomolar corncations (157). Park et al. showed that
dasatinib significantly inhibited proliferation @NCaP and a highly tumorigenic variant
of PC-3 cells at concentrations above 100 nM (®&).the concentration of dasatinib
required to inhibit Src kinase activity was 10 nkidaLyn activity 100 nM, the authors
concluded that inhibition of proliferation was panly due to inhibition of Lyn. However,

at concentrations 100 nM and above, dasatinib @avknto inhibit multiple targets and,
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therefore, this effect could be non-specific (154jhough we are in agreement with Park
et al. that Src kinase activity in LNCaP cellsnkibited by dasatinib at concentration 10
nM and above, we did not find that the suppresbrLyn kinase required higher
concentrations of the inhibitor. Furthermore, nadexce of the inhibition of LNCaP cell
proliferation was demonstrated, whereas proliferabf LNCaP-SDM cells was inhibited
by dasatinib at concentrations corresponding tstippressed SFK activity.

Suppression of proliferation by SFK inhibitors ancentrations correlating to the
inhibition of SFK activity have only been shownarsmall subset of prostate cancer cell
lines (157;220). Similarly, in vitro studies in ethsolid tumours, including colon cancer,
head and neck cancer, non-small cell lung cande¥, majority of cell lines were
insensitive to the treatment with dasatinib at emtiations required to inhibit Src activity.
Moreover, dasatinib at higher concentrations hankshown to inhibit proliferation of
SYF" cells, lacking the expression of all main Src fgmnembers, confirming the
possibility of non-specific action (169). Thusappears that certain cell lines involve SFK
in their proliferative signalling pathways, whereathers employ different mechanisms.
Inhibition of proliferation of LNCaP-SDM cells, demstrated in this study is probably
due to the higher dependence of castration-resisiarours on tyrosine kinases, whereas

hormone-sensitive LNCaP cells mostly rely on andrsgfor their growth.

4.3.3 SFK Role in Cell Migration

Unlike the role of SFK in proliferation that is Istdebatable, there is consensus
among scientists that SFK are essential in prormgatnotility of cancer cells (13). SFK
activation influences cancerogenesis from earlgestain the process involving normal
epithelial cells acquiring highly motile phenoty(feMT) and later, during the course of

the disease stimulating local invasion and metassatead. In prostate cancer, SFK play a
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major role in cell motility in both androgen-sensst and castration-resistant disease. In
this study, SFK inhibitor dasatinib suppressed atign of LNCaP and LNCaP-SDM cell
lines using concentrations required to inhibit S&dfivity. Dasatinib treatment resulted in
major changes in the shape of the cells with @elhding and loss of protrusions. When
the cells were placed on a flat surface, dasataifbcted cell spreading in a dose-
dependent manner.

Regulation of the motility of cancer cells requirgstivation of Src in complexes
with FAK and subsequent recruitment of multiplensiting proteins (87). Extracellular
signals, emanating from integrins and receptor sip® kinases stimulate Src/FAK
complex formation, which is an essential elemernheregulation of focal adhesions turn-
over and changes in tumour cells leading to EMhiliing Src kinase activity may
prevents FAK phosphorylation and downstream sigmalldisrupting protein complexes
clustering in focal adhesions and adherens junstidn vitro experiments have
consistently shown that SFK inhibitors reduce S¥pehdent phosphorylation of FAK on
tyrosine pFAKY*®!, while phosphorylation of Src-independent pFARYis not affected
(18;158). Our data has also confirmed that treatr&€i.NCaP and LNCaP-SDM cells
with small nanomolar concentrations of dasatiniused pFAKY®! phosphorylation in
dose-dependent manner.

Inhibition of Src and downstream proteins may resubdramatic changes in cancer
cells’ behaviour. Recchia et al. demonstrated #@t3 cells treated with Src inhibitor
were unable to spread on flat surface. This wastadlureability by cancer cells to produce
amoeboid protrusions necessary for subsequent toigra(16). Using time-lapse
microscopy, we showed that the cells treated wittals doses of dasatinib developed
fewer protrusions when seeded on glass surfacerapared to controls, whereas the cells
treated with higher doses did not form protrusiansall. Dasatinib treatment also resulted

in the cells that had already spread to becomededialthough, as expected the cell-cell
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contacts were maintained. Interestingly, treatmeitandrogen-sensitive LNCaP cells
resulted in more profound changes, while castrasstant LNCaP-SDM cells
maintained their shape better.

Inability of prostate cancer cells to produce prsions following dasatinib treatment
resulted in limited migratory capacity as confirm@dwound healing assay in this study.
This is due to the cells that unable to develogrpsions and, therefore, lacking the power
of propulsion that propagate the body of the cellghe direction of movement. SFK
inhibitors also affect invasive properties of thellx due to downregualtion of MMP-9
activity, which is FAK-dependent. MMP-9 and TIMP-4nd -2 are necessary for
degradation of protein constituencies of extrautatl matrix, allowing cancer cells to
invade neighbouring structures (16). Importantlye ttoncentrations of SFK inhibitors
used to elicit inhibition of migration have consistly been found much lower than
concentrations, required to suppress proliferataomd, generally, correlate well with

inhibition of SFK activity probably suggesting tl@ffect is Src-specific (162).
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4.4 SFK Inhibitors in Clinical Trials and Practice

Development of molecular biology and our knowledgfehow cancers behave
stimulated the discovery of multiple potential &irgg agents, many of which have never
progressed beyond clinical trials. Despite unprengstl investment into the field, there
has been meagre progress with only several drdgsadlfy approved for the use in solid
malignancies. Delay in adjusting the design oficlhtrials to the complexities of new
molecular targeted agents has been recently higbligas a potential reason why so many
substances that have been found promising in jmeal stages, have not been
demonstrated to be effective in clinical trials§2

Historically, histological diagnosis with stagingshbeen the principal factor guiding
the clinicians and the researchers in providingi$igetreatment or defining the eligibility
for the clinical trials. This is despite the falsat the many cancers that histologically seem
equal, possess different genetic and molecular rapkand have varying natural history.
In prostate cancer, the implications of biologibaterogeneity have led to the search of
new approaches to the management of the diseaseg/eathe molecular differences are
still not taken into account when selecting thdqas for the clinical trials. In a letter to
the editor in the Journal of Clinical Oncology, Maz| Castro has written that the previous
researchers’ habit of presuming homogeneity in $aenple group represented the
simpleton’s error from the vantage point of todayislecular biology (228). The author
went further to question whether it is ethicalreat the patients, enrolling into the clinical
trial with the inhibitors of the enzymes their carscdo not express.

Molecular heterogeneity implies that in some cawmdyg a small subset of cancers
would be sensitive to a specific targeted therdjmerefore, inevitably the treatment might
fail to show the efficacy in a conventional randsed clinical trial simply due to the
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diversity of the studied population. As a resuiie promising drug might never find its

way into the clinical practice, denying the patseemwith the sensitive malignancy a
potentially beneficial treatment. In an elegantist@al experiment, Betensky et al. have
demonstrated that in genetically different grouppatients entering a hypothetical clinical
trial comparing chemo-radiotherapy with radiothgratone, failure to take into account

the genetic heterogeneity will in most cases raaulie phase lll trial being underpowered
and too small (229). This is possibly due to seuwaa@sons, including enrichment of phase
I trials with treatment-sensitive individuals, limlved by dilution or reversal of positive

effect in responders by non-responders.

In the present study, we identified a subgroup88f2f patients in whom there was
significant association between SFK activation awveérall survival (p<0.0001). Using
pSrcY'® as a biomarker, identifying these patients mayv@rbeneficial in patients’
selection for specific targeting with SFK inhibioiObtaining the cancer tissue represents
potential difficulty as the patients with CRPC dat moutinely undergo prostatic biopsy,
unless they develop the symptoms and signs of blaoigtflow obstruction and the tissue
is harvested by means of channel TURP. Howeverteoguorary methods increasingly
incorporate the prostate biopsy into managementopots in order to determine the
progression of the disease, e.g. during active edilaxice. Thus, in the future, the
development of molecular targeted therapies magsstiate the biopsy of the prostate in
CRPC patients with a view to identify molecular agdnetic changes, guiding the
treatment and defining the prognosis.

Several SFK inhibitors are now in phase | and plhiasknical trials for the patients
with CRPC (155;188-192). Traditionally, there haet an assumption that the dose of
cytotoxic drug is proportional to their anti-tumoaetivity and, therefore, in order to get
maximum benefit in phase | trials the dose is ededluntil it reached the level causing an

acceptable toxicity. However, with new biologieglents, this may not be necessary as the
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aim of the treatment is to inhibit the specific yme. Indeed, the concentrations of
dasatinib, SFK inhibitor used in this study, reqdirto completely inhibit Src kinase
activity was in the region of 10-25 nM, and thisshelso been demonstrated by others
(18;158). Pharmacodynamics of the drug can be m@utby measuring the concentration
of the inhibitor in blood and by studying the lewélpSrcY*®in peripheral blood cells as a
surrogate target tissue that has been shown telaterwith intra-tumour Src activity
(170).

It has been suggested that the design of phasald bf molecular targeted agents
should be altered. Enrichment of phase Il trialsymaed to be more robust, selecting
groups of patients who are likely to respond amh@ps, carrying this further into phase
[l trials (230). Important considerations wouldvieato be given to the mechanism of
action of particular drugs when selecting respamgeria. In the recently reported results
of phase I/ll clinical trials of dasatinib alonedaim combination with docetaxel in patients
with CRPC, the researchers used PSA response asnaemdpoint, although PSA level
mostly reflects the bulk of the disease, which mainecessarily be affected by the drugs
(231;232). Given that it is not clear whether SFKibitors in general and dasatinib in
particular would reduce prostate cancer cell peadifion and, therefore, actual tumour
growth, more weight perhaps should be given to appearances of new metastatic
deposits. We have demonstrated that p&rtYmmunostaining in CRPC specimens
correlated with the presence of bone metastateades It would of interest to look into the

development of metastases in other organs, i.eglynodes, liver etc.
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45 Conclusion

There is considerable evidence implicating SFK he tlevelopment of prostate
cancer in its progression to castration resistandewever, translational studies
investigating the significance of increased SFKregpion and activation in clinical
samples are lacking. To date this is first studpddress the question whether exisiimg
vitro data and the results of animal experiments woelddbevant in clinical settings. It
appears that in a subgroup of prostate cancernpsiti8 FK activation is associated with
reduced survival and the presence of bone metastaseelated with increased SFK
activity. Although the SFK role in tumour cell griwis debatable, in our experiments the
treatment of castration-resistant cell line LNCadRvBwith dasatinib resulted in inhibition
of proliferation. Moreover, both androgen-sensitit®&lCaP and castration-resistant
LNCaP-SDM cell lines exhibited reduced migratiorongexposure to dasatinib, implying

potential use of the inhibitor as an anti-metastagent.
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APPENDIX 1

Examples of immunostaining for total Src, pSrcY?’, total Lyn and total Fgr
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