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Abstract

Prostate cancer is the most frequently diagnosed cancer in American men. We have previously
demonstrated that Src mediates androgen-independent proliferation in prostate cancer. We sought
to investigate the Src-mediated oncogenic pathways and tumor biology using AZD0530, a novel
Src family kinase/Abl dual-kinase inhibitor that is entering phase 11 clinical trials. We show that
while both Src and Abl are expressed in all prostate cancer cell lines, Src but not Abl is activated
in the prostate. Furthermore, Src activation is inhibited by AZD0530 in a rapid and dose-
dependent manner. We show that Src mediates cell proliferation in DU145 and PC3 cells at the G1
phase of cell cycle. Src inhibition resulted in decreased binding of f-catenin to the promoters of
G1 phase cell cycle regulators cyclin D1 and c-Myc. C-Myc may also be regulated at the protein
level by extracellular signal-regulated kinase 1/2 and GSK3p. Cell motility factors focal adhesion
kinase, p130CAS and paxillin activation in DU145 and PC3 cells were also inhibited.
Administration of AZD0530 in mice reduced orthotopic DU145 xenograft growth by 45%. We
have further delineated the Src-mediated oncogenic growth and migration pathways in prostate
cancer and established mechanistic rationale for Src inhibition as novel therapy in the treatment of
prostate cancer.
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Introduction

Prostate cancer is the second leading cause of cancer death in men in the United States
(Jemal et al., 2008). Though prostate cancer growth is hormonally regulated, antiandrogen
therapy inevitably results in disease progression with uncontrolled growth and metastasis.
An important mediator of this process is Src, a prototypical non-receptor tyrosine kinase
(Lee et al., 2001; Desai et al., 2006).
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The role of Src in human malignancies has not been fully appreciated in part because of the
lack of frequent mutations in human cancers. Nevertheless, Src over-expression and
activation are associated with numerous types of cancers (Biscardi et al., 2000; Yeatman,
2004; Zhu et al., 2007). Increasing evidence connects Src activity to prostate carcinogenesis.
Src activity is required for androgen-independent activation of androgen receptor mediated
by neuropeptide (Lee et al., 2001; Desai et al., 2006), epidermal growth factor (Guo et al.,
2006) and interleukin-8 (Lee et al., 2004). Src and focal adhesion kinase (FAK), a Src
substrate, are also involved in interleukin-8-induced migration of LNCaP. The application of
pan-Src inhibitor 4-amino-5-(4-chlorophenyl)-7-(t-butyl)pyrazolo[3,4-d]pyrimidine (PP2)
leads to significant suppression of androgen-independent growth and migration of LNCaP
(Lee et al., 2001, 2004), as well as migration of PC3 and DU145 (Slack et al., 2001).
Dasatinib, a Src family kinase (SFK)/Abl dual-inhibitor, inhibits cell adhesion and migration
of DU145 (Nam et al., 2005b). Besides growth (Lee et al., 2001, 2004; Kotha et al., 2006),
survival (Unni et al., 2004; Nam et al., 2005a; Kotha et al., 2006) and metastasis (Lee et al.,
2004; Nam et al., 2005b), Src is also implicated in angiogenesis (Gray et al., 2005) and
neuroendocrine differentiation (Bang et al., 1994). Overall, these studies suggest that Src
plays pleiotropic roles in prostate cancer, often in a cell context-dependent manner and that
Src is a promising target for intervention.

Src is an integrator of divergent signals. In prostate cancer cells, Src is activated by growth
factors, cytokines, chemokines and gastrin-releasing peptide. Src activation leads to the
activation of FAK and Etk (endothelial/epithelial tyrosine kinase), kinases consistently
activated or overexpressed in prostate cancer cells (Rovin et al., 2002; Guo et al., 2006).
The pleiotropic effects of Src activity are almost certainly due to the multiple signal
pathways engaged by Src and its accompanying kinases. Src is able to channel
phosphorylation signals through Ras/Raf/extracellular signal-regulated kinase (ERK) 1/2
and in certain cells, phosphatidylinositol 3-kinase (PI3K)/AKT pathways. Somewhat
selective to SFKs is their ability to activate signal and transducer of transcription (STAT) 3
and B-catenin, which leads to the activation of c-Myc (Bowman et al., 2001; Furstoss et al.,
2002; Farkas et al., 2005) and consequently cyclin D1 (Steiner et al., 1998; Taj et al., 2001;
Devi et al., 2002). Although STAT3 was shown to regulate cyclin D1 levels in prostate
cancer, it remains unclear whether Src is an upstream regulator of STAT3 in prostate cancer
cells, as some Src inhibitors do not diminish STAT3 activation and STAT3 can also be
activated by Janus family kinases (Nam et al., 2005b; Kotha et al., 2006). The role of -
catenin activation in prostate carcinogenesis has been extensively documented (de la Taille
et al., 2003; Chen et al., 2004; Cronauer et al., 2005; Verras and Sun, 2006). The
importance of c-Myc activation in prostate cancer is underscored by recent reports that c-
Myc overexpression in mice prostate epithelial tissues gives rise to malignant lesions and
that a significant fraction of prostate cancers amplify region 8924 encompassing c-Myc
(Bromann et al., 2004; Dong, 2006). What is not well understood is the role of Src in the
activation of B-catenin and c-Myc in prostate cancer. As for signaling pathways of migration
and invasion in prostate cancer, it was shown that Src, through activated FAK,
phosphorylates p130CAS (CRK-associated substrate) and upregulates matrix
metalloproteinase (MMP)-9 (Hauck et al., 2002; Planas-Silva et al., 2006). In summary, Src
transmits multiple signals including Ras/Raf/ERK1/2, PI3K/AKT, -catenin/c-Myc/cyclin
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D1 and FAK/p130CAS/MMP-9 to induce growth, survival and migration in various types of
cancer cells. Whether Src directly mediates cellular changes in prostate cancer through these
signals remain unclear.

Recent interest in Src as a target for molecule-specific therapy has led to the development of
small molecule inhibitors (Golas et al., 2003; Lombardo et al., 2004; Lee and Gautschi,
2006). Dasatinib inhibits PC3 growth (Lombardo et al., 2004; Park et al., 2008) and DU145
migration (Nam et al., 2005b). Although Dasatinib is shown to inhibit growth in vitro in
prostate cancer and has been suggested to inhibit proliferation through Lyn not Src, its
mechanism of action in inhibiting cell proliferation remains unclear. AZD0530
(AstraZeneca, Alderley Park, UK), a 5-, 7-substituted anilinoquinazo-line, is another novel
SFK/AbI dual-inhibitor (Figure 1a) (Hennequin et al., 2006; Lee and Gautschi, 2006). An
oral compound with clinical therapeutic potential and low toxicity in phase I trials, it is
highly specific with most kinases having in vitro kinase 1Csq values greater than 10uM.
AZD0530 has antimigratory and modest antiproliferative effects in vitro in breast cancer
(Hiscox et al., 2006). AZD0530 has not, however, been previously studied in prostate cancer
nor have Src-mediated signal pathways inhibited by this compound been defined. This study
provides the first characterizations of the molecular and biological effects of AZD0530 in
prostate cancer.

We show in this study that Src inhibition leads to growth suppression and cell cycle arrest in
prostate cancer, which is accompanied by inactivation of ERK1/2 and AKT, activation of
GSK3p and downregulation of -catenin, c-Myc and cyclin D1. Focal adhesion kinase and
p130CAS phosphorylation are also attenuated as Src activity is inhibited, leading to
significantly reduced cell migration. We also extended the analysis of AZD0530 as an
antitumor agent in vivo. Using DU145 as our orthotopic mouse model, we show that
AZD0530 is an inhibitor of growth in vivo. These studies provide important information
regarding this small molecule inhibitor and set the stage for NCI approved phase 11 trials,
using AZDO0530 in advanced prostate cancer.

Src is expressed and activated in prostate cancer cell lines

Autophosphorylation of Src at tyrosine 419 (Y419) is a surrogate marker of its activity
(Bjelfman et al., 1990). Src is expressed in LNCaP, DU145 and PC3 cell lines and increased
Src activity correlates with more aggressive phenotypes (Bang et al., 1994; Lee et al., 2001,
2004; Nam et al., 2005b; Kotha et al., 2006). Src activity and expression levels in
CWR22Rv1, LAPC-4 and immortalized normal prostate epithelial cell lines such as
RWPE-1 and PZ-HPV7, however, have not previously been characterized. We therefore
sought to compare and contrast the relative Src activation and expression levels in these cell
lines. As Abl is also an AZD0530 target, we sought to characterize Abl in prostate cell lines
as well.

Two Src isoforms were detected (Figure 1b) and were confirmed as Src through transfection
experiments with wild-type Src cDNA constructs (data not shown). Src is expressed and
activated in prostate cell lines. Notably, DU145 and PC3, cell lines with higher rates of
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proliferation and increased cell motility demonstrate an increased activated-to-total Src ratio
when compared to other phenotypically less aggressive cell lines. Accounting for a-tubulin
levels, immortalized cells express more Src but have lower activated-to-total Src ratio than
cancer cells. Although Abl is expressed in all prostate cell lines, it is not activated.

Our analysis with other SFKs suggests that Src is the predominant species expressed in
prostate cancer cell lines (data not shown). As AZD0530 inhibits all SFKs at comparable
concentrations, our data apply to all members. For simplicity, we will describe our results in
the context of Src.

AZDO0530 is a potent and rapid inhibitor of cellular Src activation

We were interested in characterizing cellular Src inhibition by AZD0530. In DU145 and
PC3, AZD0530 inhibited Src activation in a dose-dependent manner (Figurelc, left, right).
Src inhibition by AZD0530 was also rapid, within 5 min of treatment (Figure 1c, center).

AZDO0530 inhibits growth and induces cell cycle arrest of prostate cancer

Src is involved in prostate cancer cell proliferation. We were therefore interested in the
effectiveness of AZD0530 against mitogenesis. Single treatment with AZD0530 resulted in
dose-dependent decrease of the number of cells in all cell lines (Figure 2a). LAPC-4, which
has the smallest relative active-to-total Src ratio, is the most resistant against AZD0530
among prostate cancer cell lines. Immortalized nonmalignant cell lines PZ-HPV7 and
RWPE-1 are also on average more resistant to Src inhibition than cancer cell lines. Figure
2b shows the kinetics and the dose-responses of growth inhibition for DU145 and PC3 cells.
These analyses substantiate the growth inhibitory effects of AZD0530 on prostate cancer
cells.

Although AZD0530 decreased the number of prostate cancer cells over time, it was unclear
whether this is secondary to apoptosis or decreased cell proliferation. Studies of other Src
inhibitors on DU145 induced apoptosis and cell cycle arrest at the GO/G1 phase of the cell
cycle (Nam et al., 2005a; Kotha et al., 2006). We thus sought to clarify the effects of
AZD0530 using DU145 and PC3 as our models (Figure 2c). AZD0530 treatment of DU145
and PC3 respectively increased the proportion of GO/G1 cells by 21 and 11% and
concurrently decreased S cells by 22 and 10% in the cell cycle, respectively. The fraction of
apoptotic cells (sub-G1) is very low in both treated and untreated DU145 and PC3 samples.
Furthermore, there is no significant caspase 3 cleavage following AZD0530 treatment
(Figure 2d). Thus, the decreased numbers of cells is not due to apoptosis but to cell cycle
arrest at G1/S.

Inhibition of c-Myc and cyclin D1 expression and downregulation of g-catenin by AZD0530

The effect of AZD0530 on G1/S transition prompted us to study its effect on c-Myc, an Src
target gene (Barone and Courtneidge, 1995) and cyclin D1, the rate limiting factor for
cellular proliferation (Quelle et al., 1993; Albanese et al., 1995; Watanabe et al., 1996).
Both were downregulated upon AZD0530 treatment (Figure 3a). Since c-Myc is more
resistant to AZD0530 than Src, we sought to examine the kinetics of AZD0530 on c-Myc.
Although both c-Myc and phospho-Src levels decrease after AZD0530 treatment, they both
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rebound over time, with relatively small changes in phospho-Src levels corresponding to
larger changes seen in c-Myec. Cyclin D1 and c-Myc in DU145 cells are more sensitive to
Src inhibition than PC3 cells. We further show corresponding reductions in transcripts
(Figure 3b).

To study the upstream effectors that regulate c-Myc and cyclin D1 transcription, we noted
that both STAT3 and B-catenin are Src targets and key transcriptional factors of c-Myc and
cyclin D1 (Morin, 1999; Prathapam et al., 2006). We previously showed that Src enhances
STAT3 tyrosine phosphorylation through Etk (Tsai et al., 2000). Other studies also showed
that STAT3 mediates signals between Src and cyclin D1 in some prostate cancer cells (Gao
et al., 2005; Kotha et al., 2006). Since PC3 does not express STAT3 (Yuan et al., 2005), we
focused on DU145. In DU145, AZD0530 treatment does not affect STAT3 phosphorylation,
indicating its activation via a Src-independent pathway (Figure 3c, top).

We then turned our attention to 3-catenin. B-catenin is a Src substrate (Roura et al., 1999)
and its synthesis is activated by Src (Karni et al., 2005). It has also been shown to mediate
both c-Myc and cyclin D1 transcription (Morin, 1999; Prathapam et al., 2006). The protein
level of B-catenin is highly sensitive to AZD0530 treatment (Figure 3c, top). Furthermore,
AZD0530 treatment results in decreased binding of B-catenin to both cyclin D1 and c-Myc
promoters (Figure 3c, bottom). These data taken together suggest that Src mediates cell
cycle progression by the induction of c-Myc and cyclin D1 transcription through increased
[3-catenin expression.

Inhibition of ERK1/2 and GSK3p phosphorylation by AZD0530

In addition to transcriptional regulation by B-catenin, c-Myc protein is regulated by ERK1/2
and AKT-GSK3p. GSK3[ phosphorylation of c-Myc at T58 leads to ubiquitin-mediated
proteosomal degradation, whereas ERK1/2-mediated phosphorylation at S62 stabilizes c-
Myc (Dominguez-Sola and Dalla-Favera, 2004; Sears, 2004). GSK3p in turn is inactivated
by AKT and ERK1/2 (Cross et al., 1995; Cheng et al., 2005; Kim et al., 2007). Likewise,
GSK3p negatively regulates the stability of f-catenin. We therefore wondered if AZD0530
inhibits ERK1/2 and AKT. ERK1/2 was inhibited by AZD0530 treatment, whereas AKT is
constitutively inactive DU145 (Figure 3d). The lack of AKT activity is consistent with the
presence of intact phosphatase and tensin homolog pathway in DU145, which diminishes
PI3K-mediated AKT activation. This may also account for the lack of regulation of survival
pathway by AZD0530 in DU145. ERK1/2 in PC3 cells on the other hand is not
constitutively activated. AKT in PC3, however, is inhibited by AZD0530. AZD0530
treatment results in the removal of the inhibitory phosphorylation of GSK3p at S9 in both
cell lines (Figure 3d) and therefore increased GSK3p activity, although at a higher
concentration than that of f-catenin and ERK1/2 inhibition seen in DU145. These results
suggest that in DU145 and PC3, ERK1/2 and AKT contribute to Src-mediated stabilization
of c-Myc, respectively. Furthermore, GSK3p is not responsible for Src-mediated
stabilization of c-Myc and p-catenin in DU145.
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AZDO0530 is an inhibitor of cell migration

Src is an integral part of cell migration signaling pathway. We were therefore interested in
whether AZD0530 effectively inhibits cell migration. We show that AZD0530 inhibits
DU145 and PC3 migration in the Boyden chamber in a dose-dependent manner (Figure 4a).

Src and FAK are known to cross-activate, and enhanced migratory activity is linked to
increased FAK expression and activation (Schaller, 2001; Slack et al., 2001). Although
autophosphorylation of FAK Y397 is necessary for its activity, Src phosphorylation of FAK
Y576/Y577 is important in enhancing downstream signaling pathways (Parsons, 2003).
AZD0530 treatment inhibited phosphorylation of Y576/577 but not Y397 (Figure 4b),
indicating that AZD0530 targets Src but not FAK.

P130CAS is also an Src substrate involved in the formation of focal adhesion complexes. As
shown in Figure 4b, p130CAS phosphorylation is inhibited by AZD0530. Furthermore,
phosphorylation of paxillin, an adaptor protein and an Src-FAK substrate important in
recruiting other proteins to the focal adhesion complex, is also inhibited by AZD0530,
although at a higher of AZD0530 concentration than Src or FAK. This may reflect the fact
that AZD0530 does not inhibit FAK autokinase activity (as reflected by the same level of
Y397 phosphorylation), which continues to phosphorylate paxillin.

AZDO0530 is a promising inhibitor of prostate cancer growth in orthotopic SCID mice model

Utilizing the data we gathered regarding the effects of AZD0530 on in vitro growth and
migration of prostate cancer cells, we tested its efficacy in vivo using orthotopically
implanted DU145 in mice as our xenograft model. Xenograft mice receiving daily AZD0530
starting 2 days after the implantation have on average 45% smaller (P<0.01) tumor than
control mice (Figure 5a). Src inhibition in vivo by AZD0530 was verified by
immunohistochemistry (Figure 5b). Since AZD0530 treatment started shortly after
implantation, the decreased tumor size xenograft mice treated with AZD0530 is consistent
with the in vitro data of growth inhibition versus apoptosis. This is significant, as previous
studies with other Src inhibitors revealed mostly inhibitory effects on metastasis rather than
growth. We were unable to study the effect of AZD0530 on metastasis, as orthotopically
implanted DU145 does not metastasize to any significant extent.

Discussion

Src is involved in prostate cancer growth and migration (Lee et al., 2001, 2004; Nam et al.,
2005b; Kotha et al., 2006). We previously reviewed Src's role (Chang et al., 2007) in
prostate cancer and wished to further characterize it. We therefore utilized AZD0530 to
facilitate identification of Src-driven cell proliferation and migration signaling pathways in
prostate cancer. Our data provide further understanding to foster correlative studies and
translational research initiatives.

We found an association between higher relative Src activation and aggressive cell
phenotypes. There are two Src isoforms and their expression levels are cell line-dependent.
The origin of these isoforms is presently unclear. Also interesting is that cells with the
lowest activated/total Src ratios (LAPC-4, PZ-HPV7, RWPE-1) also express the most Src. A
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possible explanation is that highly active Src is polyubiquitinated and thus quickly degraded
(Hakak and Martin, 1999).

In our studies with AZD0530, we see a temporal sequence of its effects. As AZD0530
inhibits Src, changes to phosphorylation signals downstream occurred within minutes. The
inhibited phosphorylation of FAK, p130CAS and paxillin quickly decreased cell migration.
Taking into account the time it takes for transcriptional inhibition and protein degradation,
changes in cyclin D1 and c-Myc levels are relatively late events seen hours post-treatment.
Finally, consistent with cell doubling times, cell cycle changes and differential proliferation
rates are observed days post-treatment.

We inhibited cell migration and proliferation using AZD0530. Although mechanistic studies
of cell migration signaling did not reveal significant mechanistic differences between
DU145 and PC3, they appear to regulate cell proliferation through c-Myc and cyclin D1 in
different ways. Both cyclin D1 and c-Myc levels are more responsive to AZD0530 in
DU145 than PC3. This is attributable to ERK1/2 being active and sensitive to AZD0530 in
DU145 but not PC3. Since PC3 has no constitutively active ERK1/2, it alternatively
regulates cyclin D1 and c-Myc through the Src—-Ras—AKT-GSK3p pathway (Diehl et al.,
1998; Morin, 1999; Daaka, 2002). Interestingly, 3-catenin but not GSK3p is affected in a
dose-dependent manner by AZD0530 in DU145. Possible explanations of this finding
include Src-mediated [3-catenin synthesis (Karni et al., 2005) and phosphorylation (Bjelfman
et al., 1990), thus resulting in increased stability (Roura et al., 1999). Common to both cell
lines, however, is that Src does not regulate cyclin D1 and c-Myc through STAT3.

Although our studies show that AZD0530 inhibits cell proliferation and migration through
various signaling factors, they have relatively higher 1Cgq values than Src
autophosphorylation. Dose-dependent inhibition demonstrated in these assays suggests that
Src contributes to their regulation. Nonspecific AZD0530 inhibition, however, cannot be
excluded. Nevertheless, there are alternative explanations for these findings. Since
phosphorylation status of proteins are dynamic systems dependent on the summative
velocities of kinases and phosphatases, partial inhibition of kinase activity may not be
sufficient to allow phosphorylation status changes if phosphatase velocity remains less than
kinase velocity. Furthermore, as shown through c-Myc in DU145 (Figure 3a), the accuracy
of determining ICgq values is dependent on the timing of the assay if Src is not the sole
regulator of the factor in question, as 1 uM of AD0530 decreases c-Myc levels by 90% at 8
h but 50% at 24 h. Actual c-Myc AZD0530 ICx is therefore less than 1 uM. Another
explanation is that very little Src may be required to activate downstream signals. Individual
kinases, such as ERK1/2, have been shown to display cooperative kinetics, which
cumulatively in a signal-transduction chain is ultrasensitive to activation, akin to an on-off
switch response (Li and Qian, 2003). In other words, very low initial activation of the
upstream factor in a signal-transduction chain can be amplified and lead to changes
downstream. Our kinetics study of c-Myc, which is regulated by ERK1/2, supports this
hypothesis as very small amount of Src activation correlates with a relatively large rise in c-
Myc levels (Figure 3a). The combination of ultrasensitivity and dose-dependent residual Src
activity at yM AZDO0530 concentrations (data not shown) suggests that the effect of Src
inhibition on downstream factors decreases exponentially with increasing AZD0530, and
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therefore increases the 1Csq values of Src downstream factors. Extrapolating this further, we
can see how the ICsq values of transcription/translation and cell proliferation and migration
involving a multitude of factors, many of which are not regulated by Src, can be
significantly higher than Src.

The complexity of linking dose inhibition of Src phosphorylation with linear dose inhibition
of other molecules and biological events is evident in the dosing and temporal data we
present. Although AZD0530 may have other effects, we show it essential to the pathways
and events presented. The decreased in vivo tumor growth correlates with significant
inhibition of Src autophosphorylation by immunohistochemistry, demonstrating biological
and translational relevance. AZD0530 represents an oral drug of low toxicity potentially of
high value in the targeted therapy of prostate cancer. The mechanistic differences between
the two androgen-independent prostate cancer cell lines DU145 and PC3 highlight the
importance of an individualized, pharmacogenomic approach to patients. Studies such as
ours are important in linking disease, detailed oncogenic pathway analysis and a targeted
therapy in vitro and in vivo. These data have direct translational application to prostate
cancer patients entering clinical trials using AZD0530.

Materials and methods

Cells and reagents

LNCaP, DU145, PC3, RWPE-1, PZ-HPV7 were obtained from American Type Culture
Collection (Manassas, VA, USA). LAPC-4 was provided by Dr Sawyers (Department of
Medicine, University of California at Los Angeles, Los Angeles, CA, USA). CWR22Rv1
was provided by Dr Pretlow (Department of Pathology, Case Western Reserve University,
Cleveland, OH, USA). Cell cultures were maintained in RPMI-1640 (Life Technologies
Inc., Rockville, MD, USA) with 10% (LNCaP, RWPE-1), 5% (DU145, PC3, CWR22Rv1)
fetal bovine serum, Dulbecco's Modified Eagle's Medium with 10% fetal bovine serum
(LAPC-4) or keratino-cyte serum-free medium with 5 ng/ml human recombinant epidermal
growth factor and 50 pg/ml bovine pituitary extract (PZ-HPV7) supplemented with 100
U/ml penicillin and 100 pg/ml streptomycin at 37 °C with 5% CO,. Polyclonal antibodies to
AKT, p-AKT (S473), caspase 3, ERK1/2, p-FAK (Y576/577), p-GSK3a/p (S21/9), p-
p130CAS (Y410), paxillin, p-paxillin (Y118), p-Src (Y419) and STAT3 were obtained from
Cell Signaling Technologies (Cambridge, MA, USA). Polyclonal antibodies to FAK and
cyclin D1 were obtained from Upstate Biotechnology (Lake Placid, NY, USA) and Santa
Cruz Biotechnology (Santa Cruz, CA, USA), respectively. Monoclonal antibodies to p-
ERK1/2 (T202/Y204) and p-STAT3 (Y705) were obtained from Cell Signaling
Technologies. Monoclonal antibodies to c-Myc and a-tubulin were obtained from Santa
Cruz Biotechnology. Monoclonal antibodies to p-FAK (Y397) and p130CAS were obtained
from BD Biosciences (San Jose, CA, USA). Monoclonal antibodies to c-Myc and -catenin
were obtained from Santa Cruz Biotechnology. Monoclonal antibodies to GSK3p, Src and 3-
actin were obtained from Cell Signaling Technologies, Upstate Biotechnology and Sigma-
Aldrich (St Louis, MO, USA), respectively. AZD0530 was obtained from AstraZeneca
International (Alderley Park, UK). 3-[4,5-dimethylthiazol-2-yI]-2,5-diphenyl tetrazolium
bromide was obtained from Sigma-Aldrich. The DAKO Envision + Kit was obtained from
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DAKO North American Inc. (Carpinteria, CA, USA). Diff-Quick set was purchased from
Dade Behring Inc. (Newark, DE, USA). Dimethyl sulfoxide was obtained from Fisher
Scientific (Pittsburgh, PA, USA). DNase-free RNase was obtained from Fermentas
(Hanover, MD, USA). Fibronectin was obtained from Roche Applied Science (Indianapolis,
IN, USA). Propidium iodide was obtained from Boehringer Mannheim Corporation
(Indianapolis).

Boyden chamber cell migration assay

Cell migration assay was performed as described previously and performed in triplicates
(Evans et al., 1991). Lower wells of the microchamber were filled with 50 pg/ml of
fibronectin in 0.1% BSA phenol-red free RPMI-1640 media as chemoattractant. Both
chambers contained varying concentrations of AZD0530 (0-2 uM). Cells were allowed to
migrate for 4 h followed by Diff-Quick stain and counted as an average of five fields.

Cell cycle analysis

Cells were plated in triplicate in 60 mm dishes followed by AZD0530 (1 M) treatment for
48 (DU145) and 72 (PC3) hours, accounting for slower proliferation rate in PC3 cells.
Growth media were removed and saved. Cells were washed with phosphate-buffered saline
(PBS) and the wash saved with the growth media. Remaining cells were trypsinized and
placed together with growth media and PBS. Cells were pelleted and resuspended in 75%
ethanol followed by overnight storage at —20 °C. Cells were centrifuged, washed with PBS,
resuspended in PBS containing 10 pg/ml DNase-free RNase, and incubated in 37 °C for 45
min. Final propidium iodide concentration of 0.05 mg/ml was added and incubated at room
temperature for 20 min. Cell clumps were filtered. Cell DNA content was measured on
Coulter Epics XL flow cytometer (Beckman Coulter, Miami, FL, USA) and cell cycle phase
was analysed using Phoenix Multicycle (Phoenix Flow Systems, San Diego, CA, USA).

Chromatin immunoprecipitation assay

Chromatin immunoprecipiation assay was performed as described previously (Vinall et al.,
2006). Primers for cyclin D1 and c-Myc promoter regions are as follows: 5’-
GCTCTCCACTTGCCCCTTTTA-3 (c-Myc, forward), 5-GTTCCCAATTTCTCAGCC-3
(c-Myc, reverse), 5-GGGAGGAATTCACCCTGAAA-3 (cyclin D1, forward), 5’
CCTGCCCCAAATTAAGAAAA-3 (cyclin D1, reverse).

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide cell proliferation assay

Cells were seeded overnight 2000 cells per well in triplicate in 96-well plates followed by
single treatment of AZD0530 (62.5 nM-16 uM). On post-treatment days 1, 3 and 5, growth
medium was removed followed by addition of 0.2 ml dimethyl sulfoxide per well and
continuous shaking of plates at 200 rotations per minute for 15 min. Colorimetric
measurement was performed at 450 nm.

Orthotopic mouse model

Severe combined immunodeficiency (CB17) mice 4 weeks of age were obtained from
Harlan Sprague-Dawley and housed in pathogen-free conditions. Mice were placed in
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anesthesia with 2% isoflurane air. Two million DU145 cells were mixed with Matrigel in
1:1 ratio by volume and injected into a lateral lobe of the prostate as previously described
(Stephenson et al., 1992). Twenty-five milligrams per kilogram of AZD0530 dissolved in
0.5% hydroxypropyl methylcellulose (Sigma-Aldrich), 0.1% Tween 80 (Sigma-Aldrich) was
orally given daily 2 days post-operation. Mice were euthanized 54 days post-operation and
tumors harvested. Animal housing and experimental conditions were in compliance with the
protocol approved by the Institutional Animal Care and Use Committee at the University of
California, Davis.

Reverse transcription—-PCR

Statistics

The Versagene RNA purification kit (Qiagen USA, Valencia, CA, USA) was used for
mMRNA extraction as per the manufacturer's instructions. RNA was reverse transcribed to
cDNA using oligo-dT primers and Moloney murine leukemia virus reverse transcriptase
(Promega, Madison, WI, USA) as per the manufacturer's instructions. Reverse transcriptase
products were used as templates for PCR. The primers are as follows: 5'-
ACCGAGGAGAATGTCAAGAGGC-3 (c-Myc, forward), 5
CGTCGTTTCCGCAACAAGTC-3 (c-Myc, reverse), 5'-
TGTTTGCAAGCAGGACTTTG-3’ (cyclin D1, forward), 5'-
TCATCCTGGCAATGTGAGAA-3 (cyclin D1, reverse).

Data were analysed using Statview version 5.1 (SAS, Cary, NC, USA).

Western blotting

Western blotting was performed as described previously (Qiu et al., 1998). Membranes were
incubated overnight in 4 1C with primary antibodies in 5% non-fat milk tris-buffered saline
Tween-20 followed by wash and 1-h room temperature incubation with respective
horseradish peroxidase-conjugated secondary antibodies. Antibody-epitope binding was
detected using SuperSignal West Pico Chemiluminescent Substrate (Pierce, Rockford, IL,
USA).
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Figure 1.
AZD0530 inhibits Src activation through inhibition of Y419 phosphorylation. (a) The

chemical structure of AZD0530. (b) Commonly used cell lines were harvested and probed
with Abl, p-Abl, phospho-Src Y419 and Src antibodies demonstrating relative increased
ratio of activated-to-total Src in DU145 and PC3 cells. (c) Src autophosphorylation in
DU145 and PC3 cells were inhibited in a dose-dependent manner by AZD0530 following
30-min treatment (left and right, respectively) or rapid manner by 1 uM of AZD0530
(middle).
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AZDO0530 inhibited cell proliferation in a dose-dependent manner in 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide assay showing immortalized cells
on average being more resistant than malignant cell lines. (b) AZD0530 inhibited DU145
and PC3 proliferation in a dose-dependent manner over time. (c) AZD0530 induced G1/S
cell cycle arrest but not apoptosis in DU145 and PC3 cells. (d) AZD0530 did not induce
apoptosis in DU145 and PC3 cells after 2 days, as shown by the lack of caspase 3 cleavage.
Columns, mean; bars, standard error; *P<0.05 (n=3); **P<0.01 (n=3).
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AZDO0530 inhibits cell proliferation through p-catenin, ERK1/2 and GSK3p-mediated cyclin
D1 and c-myc regulation. (a) DU145 and PC3 cells treated with AZD0530 shows dose-
dependent decreases in levels of cyclin D1 and c-Myc. Corresponding rebound of phospho-

Src and c-Myc is seen over time. (b) Cyclin D1 and c-Myc transcript levels decreased

following 4 uM AZDO0530 treatment. (c) AZD0530 treatment did not inhibit signal and
transducer of transcription 3 activation after 30 min but downregulated B-catenin after 24 h
(top). DU145 and PC3 treated with 4 uM of AZD0530 for 12 h shows decreased binding of

[3-catenin to cyclin D1 and c-Myc promoter regions (bottom). (d) AZD0530 inhibited

ERK1/2 and GSK3p phosphorylation in DU145 and AKT and GSK3p phosphorylation in

PC3 after 30 min.
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Figure4.
AZD0530 inhibits cell migration through Src-mediated FAK activation. (a) DU145 (top)

and PC3 (bottom) treated with AZD0530 shows dose-dependent decrease in cell migration.
(b) Paxillin, p130CAS and p-FAK (Y576/577) phosphorylation were inhibited in DU145
and PC3, following AZD0530 treatment for 30 min. Columns, mean; bars, standard error;
*P<0.05 (n=3); **P<0.01 (n=3).
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Figure5.
AZDO0530 inhibits tumor growth in vivo. (a) 25 mg/kg of AZD0530 was administered orally

daily starting 2 days after orthotopic injection of 2 million DU145 cells. Mice were
euthanized after 54 days. Established tumors were harvested and weighed. (b)
Immunohistochemical analysis of tumor samples from (a) using specific phospho-Src Y419
antibody as described. Dots and triangles, tumor samples; columns, mean; bars, standard
error; *P<0.05 (n=10).
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