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Serum caveolin-1, a biomarker of drug response
and therapeutic target in prostate cancer models

Salahaldin A. Tahir, Shinji Kurosaka,’ Ryuta Tanimoto,* Alexei A. Goltsov, Sanghee Park and Timothy C. Thompson*

Department of Genitourinary Medical Oncology-Research; The University of Texas MD Anderson Cancer Center; Houston, TX USA

Current affiliations: fKitosato University; Toyko, Japan; *fOkayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences; Department of Urology;

Okayama City, Japan

Keywords: caveolin-1, tyrosine kinase inhibitor, prostate cancer, biomarkers

We investigated the effect of dasatinib and sunitinib on tyrosine kinase (TK) signaling, caveolin-1 (Cav-1) expression and
secretion and proliferation of PC-3 and DU145 prostate cancer cells in vitro and in vivo. Treatment of both cell lines with
either dasatinib or sunitinib reduced phosphorylation of PDGFR, VEGFR2, Akt, FAK, Src (dasatinib only) and Cav-1, and
reduced cellular and secreted levels of Cav-1. Both agents dose-dependently inhibited proliferation of these cells. In PC-3
and DU145 subcutaneous xenografts, treatment with dasatinib, sunitinib or anti-Cav-1 antibody (Ab) alone produced
significant tumor regression compared with that by vehicle or IgG alone. Combined dasatinib and anti-Cav-1 Ab treatment
or sunitinib and anti-Cav-1 Ab produced greater tumor regression than either treatment alone. Serum Cav-1 levels were
lower in dasatinib- and sunitinib-treated mice than they were in vehicle-treated mice, and correlated positively with
tumor growth in dasatinib- and sunitinib-treated groups (r = 0.48, p =0.031; r = 0.554, p = 0.0065, respectively), compared
with vehicle controls. Cav-1 knockdown, in combination with dasatinib or sunitinib treatment in PC-3 cells, caused a
greater reduction in the phosphorylation of PDGFR-$ and VEGFR2, and expression and secretion of PDGF-B and VEGF-A
than that in PC-3 cells treated with dasatinib or sunitinib alone in control siRNA cells, suggesting that Cav-1 is involved
in an autocrine pathway that is affected by these drugs. Overall, our results suggest a role for Cav-1 as a biomarker of

response to both dasatinib and sunitinib treatment and as a therapeutic target in prostate cancer.

Introduction

Caveolin-1 (Cav-1) is a major structural component of the caveo-
lae, which are specialized plasma membrane invaginations that
are involved in multiple cellular processes, such as molecular
transport, cell adhesion and signal transduction.* Cav-1 exerts
various biologic functions through protein-protein interactions.
Specific proteins, such as receptor tyrosine kinases (RTKs), ser-
ine/threonine kinases, phospholipases, G protein-coupled recep-
tors and Src family kinases (SFKs), are localized in lipid rafts
and caveolar membranes, where they interact with Cav-1 through
the Cav-1 scaffolding domain (CSD). CSD-mediated activities
result in the generation of platforms for compartmentalization of
discrete signaling events.?

The role of Cav-1 in tumorigenesis is complex and depends
on the cell type and biologic context. Under some conditions,
Cav-1 may suppress tumorigenesis. However, Cav-1 upregula-
tion is also associated with and contributes to malignant pro-
gression of multiple malignancies, including prostate cancer
(PCa).?7

Androgen-deprivation therapy is a standard of care treatment
for PCa and efficiently controls the growth of androgen-
dependent tumors. However, this therapy is limited in duration
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of response and has numerous side effects.® When PCa progresses
beyond the confines of the prostate gland and metastasizes to
distant sites (predominantly bone marrow), the disease is very
difficult to control. Results of clinical studies have also indicated
that docetaxel chemotherapy provides only modest survival
benefits in castrate-resistant PCa.’

Previous studies showed that Cav-1 expression is stimulated
by testosterone and by multiple growth factors (GFs) that are
known to promote the development and progression of PCa.'!!
Cav-1 overexpression leads to promiscuous binding of Cav-1 to
multiple signaling molecules in the cancer tyrosine-kinase (TK)
regulatory network, including vascular endothelial GF receptor
2 (VEGFR2), platelet-derived GF receptor o/ (PDGFRa/B),
Src, protein phosphatase 1/protein phosphatase 2A (PP1/PP2A,
a negative regulator of Akt) and phospholipase Cyl (PLCyl),
through CSD-CSD binding-site interactions.'>*> These interac-
tions increase PCa cell survival.’? We have also shown that in
PCa cells, a positive-feedback loop is established in which VEGF,
transforming GF-B1 (TGF-B1) and fibroblast GF-2 (FGF2)
upregulate Cav-1 expression, which, in turn, leads to increased
levels of VEGF, TGF-B1 and FGF2 mRNA and protein, result-
ing in enhanced invasion activities (i.e., migration and motility)
of PCa cells.”” In the same study, we found that Akt-mediated
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Figure 1. Effects of dasatinib and sunitinib on Cav-1 expression and secretion and on TK signaling in PC-3 cells. Dasatinib (A) and sunitinib (B)
treatment of PC-3 cells resulted in a dose-dependent decrease in phosphorylation of PDGFRB, VEGFR2, Akt and Cav-1. Dasatinib but not sunitinib also
reduced the phosphorylation of FAK and Src. Both dasatinib and sunitinib dose-dependently reduced the expression and secretion of Cav-1.

Cav-1-enhanced mRNA stability is a major mechanism for the
upregulation of these cancer-promoting GFs.

A critically important characteristic of many androgen-
insensitive PCa cell lines is secretion of biologically active Cav-1
protein. PCa cell-derived secreted Cav-1 can promote PCa-cell
viability through antiapoptotic activities and clonal growth in
vitro, similar to those observed following enforced expression of
Cav-1 within the cells.!”*!*!® We recently showed that recombi-
nant Cav-1 protein is taken up by PCa cells and tumor-associated
endothelial cells and promotes angiogenesis by activating Akt
and/or nitric oxide synthase-mediated signaling.”” Additionally,
we demonstrated that Cav-1 regulates ligand-stimulated RTK
signaling (VEGF/VEGFR2) and downstream biologic activities
in PCa and endothelial cells."

Dasatinib is an orally administrated inhibitor of Ber-Abl
kinase and SFK proteins that is FDA approved as a second-line
treatment for chronic myelogenous leukemia and Philadelphia
chromosome-positive acute lymphoblastic leukemia. Recently,
dasatinib was shown to inhibit proliferation, cell adhesion,

migration and invasion of PCa cells in vitro."®¥
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Sunitinib is an oral multi-targeted RTK inhibitor that selec-
tively and potently inhibits VEGFRs 1, 2 and 3; PDGFRs o and
B; the stem cell factor receptor KIT; the FMS-like TK-3 recep-
tor (FLT3) and the glial cell line-derived neurotrophic factor
receptor “rearranged during transfection.”?** Sunitinib has also
demonstrated antiangiogenic and antitumor activities in various
solid-tumor xenograft models, including colon, renal, breast,
lung and PCa.*

In this study, we evaluated the effects of dasatinib and suni-
tinib on TK signaling, Cav-1 expression and secretion and cell
growth in vitro and in vivo. Our results demonstrate that PCa
cell-secreted Cav-1 is a potential biomarker for response to dasat-
inib and sunitinib and a therapeutic target for PCa.

Results
Dasatinib and sunitinib inhibit RTK/TK signaling activi-
ties and regulate Cav-1 expression and secretion in PCa cell

lines in vitro. To investigate whether either dasatinib or suni-
tinib treatment of PCa cells inhibits specific signaling activities
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Figure 2. Effects of dasatinib and sunitinib on Cav-1 expression and secretion and on TK signaling in DU145 cells. Dasatinib (A) and sunitinib (B) treat-
ment of DU145 cells resulted in a dose-dependent decrease in phosphorylation of PDGFRB, VEGFR2, Src and Cav-1. Dasatinib, but not sunitinib, also
reduced the phosphorylation of FAK and Akt. Both dasatinib and sunitinib dose-dependently reduced significantly the secretion of Cav-1.

and regulates the expression and secretion of Cav-1, we treated
PC-3 cells with each drug separately at different concentra-
tions for 2 h. At concentrations ranging from 0.025-0.5 pM,
dasatinib caused a marked reduction in the phosphorylation of
PDGFRP (Y857) and moderate reduction in the phosphoryla-
tion of VEGFR2 (Y951) (Fig. 1A). As expected, dasatinib also
considerably reduced the phosphorylation of Src (Y419) and its
downstream target, FAK (Y861). Similarly, dasatinib produced
a marked dose-dependent reduction in Akt (S473) phosphory-
lation. Dasatinib treatment also considerably reduced the phos-
phorylation of Cav-1 (Y14) in a dose-dependent manner. We
further investigated the effect of dasatinib on Cav-1 secretion
by analyzing Cav-1 expression in the conditioned medium from
PC-3 cells treated with dasatinib for 24 h. It was interesting that
Cav-1 secretion was reduced dramatically by dasatinib (60% at
0.1 M) (Fig. 1A).

Sunitinib treatment of PC-3 cells also caused a reduction in
the phosphorylation of PDGFR (Y857) and VEGFR2 (Y951) at
relatively high sunitinib concentrations. Phosphorylation of Src,
Akt and FAK was not reduced by sunitinib treatment, even at the
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highest concentration, 5.0 pM (Fig. 1B). Sunitinib treatment of
PC-3 cells at concentrations ranging from 0.05-5.0 WM reduced
the phosphorylation of Cav-1 (Y14) in a dose-dependent manner
and slightly reduced total Cav-1 expression (40%). Finally, Cav-1
secretion was reduced significantly (50%) at sunitinib concentra-
tions of 1.0-5.0 wM (Fig. 1B).

In DUI145 cells, treatment with dasatinib (0.025-0.5 wM)
caused a dose-dependent marked reduction in the phosphoryla-
tion of PDGFRPB (Y857) (90% at 0.1 wM), VEGFR2 (Y951)
(70% at 0.1 wM), FAK (Y861), Akt (S473) and Src (Y419)
(Fig. 2A). A substantial, although not dose-dependent, reduction
was observed at 0.025 uM for Cav-1 (Y14) (Fig. 2A). Dasatinib
did not affect Cav-1 cellular expression levels in these cells, but
its secretion was reduced dramatically (70%) at doses as low as
0.05 pM.

Sunitinib treatment of DUI145 cells caused notable dose-
dependent reductions in the phosphorylation of PDGFR{
(Y857) (80% at 1.0 pM), VEGFR2 (Y951) (80% at 1.0 nM)
and Cav-1 (Y14) and a modest reduction in the phosphorylation
of Src (Y419). Sunitinib had no effect on the phosphorylation of
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Figure 3. Effects of dasatinib and sunitinib on PC-3 and DU145 cellular proliferation. Dasatinib (Dasa) inhibited proliferation of PC-3 (A) cells and DU145
cells (B) at doses ranging from 0.05-5.0 .M sunitinib (Suni) inhibited proliferation of PC-3 cells (C) and DU145 cells (D) at doses ranging from 0.2—
20 M. Data are plotted as means + SD of experiments repeated in triplicate. *p < 0.05; **p < 0.0001 by Student’s t-test compared with control group.

FAK and Akt. Similarly to that observed with dasatinib treat-
ment, Cav-1 secretion was also reduced significantly (80%) by
sunitinib treatment (Fig. 2B).

Dasatinib and sunitinib inhibit the growth of hormone-
refractory PCa cell lines in vitro. To evaluate the effects of
dasatinib and sunitinib on the cellular proliferation of hormone-
refractory PCa cell lines, we treated PC-3 and DU145 cells with
different concentrations of the inhibitors (ranging from 0.05-
5.0 M for dasatinib and from 0.2-20 wM for sunitinib) for
different times (24, 48 and 72 h).

Dasatinib significantly inhibited the proliferation of both
PC-3 and DU145 cells in a dose-dependent manner (Fig. 3A
and B). Sunitinib significantly inhibited the proliferation of
PC-3 cells at concentrations higher than 5.0 mM (Fig. 3C)
and inhibited the proliferation of DU145 cells at concentrations
higher than 1.0 wM (Fig. 3D). These data show that dasatinib
inhibits the cellular proliferation of PC-3 and DUI145 to the
same extent, whereas the concentration of sunitinib required
to obtain significant inhibition of cellular proliferation in PC-3
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cells (5.0 pM) is higher than that required in DU145 cells
(1.0 pM).

These data are generally consistent with the results of previous
studies which showed that dasatinib inhibits phosphorylation of
Src and FAK in PC-3 cells*® and with those of studies using the
SFK-AbI dual kinase inhibitor AZD0530, which showed inhib-
ited proliferation in both PC-3 and DU145 cells.”

Dasatinib and sunitinib, each in combination with anti-
Cav-1 antibody, suppress the tumor growth of PC-3 or DU145
xenografts. Our observation that dasatinib and sunitinib both
reduce the secretion of Cav-1 by PC-3 and DUI145 cells, in
addition to their inhibitory effects on the RTK/TK signaling
modules, led us to investigate the effects of combining anti-
Cav-1 antibody with dasatinib and separately with sunitinib on
the growth of PC-3 and DU145 xenograft tumors. Treatments
were started on day 7 after injection of PC-3 cells into the right
flank of nude mice, by which time the tumors were well estab-
lished (tumor volumes were 150—200 mm?). We treated PC-3
xenografts with dasatinib alone, anti-Cav-1 antibody alone, the
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The combination of dasatinib and anti-Cav-1
antibody also produced a greater reduction in
tumor wet weight than did either treatment
alone (Fig. 4B).

In the DU145 xenografts, tumor volume
was significantly reduced by treatment with
sunitinib alone and with anti-Cav-1 antibody
alone, compared with that in the vehicle-only
and the IgG-treated controls (p = 0.0015 and
0.0377, respectively; Fig. 5A). In addition,
both treatments alone significantly reduced
the tumor wet weights, compared with those
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trols (p = 0.0004 and 0.0016, respectively;
Fig. 5B). Finally, the combination of suni-
tinib and anti-Cav-1 antibody produced
greater tumor regression (tumor volume and
wet weight) than did either treatment alone
(Fig. 5A and B).

Serum Cav-1 concentration correlates
with PC-3 and DUI145 tumor growth and

Figure 4. Antitumor activity of dasatinib (Dasa) in combination with anti-Cav-1 antibody
(Cav-1 Ab) on PC-3 xenografts in nude mice. (A) Dasatinib alone and anti-Cav-1 antibody
alone significantly reduced the tumor volume of PC-3 cells growing as xenografts compared
with those of vehicle- and IgG-treated controls (p = 0.002 and p = 0.02, respectively). Anti-
Cav-1 antibody treatment also enhanced the efficacy of dasatinib. Each data point repre-
sents the mean tumor volume in each group containing 9-16 mice (B), dasatinib alone and
anti-Cav-1 antibody alone significantly reduced the tumor wet weight in nude mice bearing
PC-3 tumor xenografts compared with the weights in vehicle- and IgG-treated controls

(p =0.0072 and p = 0.0307, respectively). Data represents the mean tumor weight + SEM in
each group containing 9-16 mice.

suppression induced by drug treatment in
vivo. We further investigated the effects of
dasatinib and sunitinib treatments on the secretion of Cav-1
in vivo by using our established Cav-1 ELISA procedure”* to
measure the serum Cav-1 concentrations in the treated PC-3 and
DU145 tumor-bearing mice. Serum Cav-1 concentrations in the
dasatinib-treated PC-3 tumor-bearing mice were significantly
lower than they were in the vehicle only-treated control mice (p =
0.0271; Fig. 6A). In addition, sunitinib treatment of the DU145
tumor-bearing mice yielded lower serum Cav-1 concentrations
than those we found in the vehicle-only control mice, although
those differences were not statistically significant (p = 0.0871;
Fig. 6B).

Moreover, when we compared the serum Cav-1 concentra-
tions in the vehicle-treated with those in the dasatinib-treated
mice and the concentrations in the vehicle-treated with those in
the sunitinib-treated mice, we found that the serum Cav-1 con-
centration correlated positively with tumor growth (wet weight)

(r=0.48, p = 0.031 for dasatinib and r = 0.554, p = 0.0065 for

www.landesbioscience.com

sunitinib). Together, these results provide further evidence that
dasatinib and sunitinib each reduce secretion of Cav-1 in vivo.
Dasatinib and sunitinib inhibit RTK/TK signaling
through the downregulation of Cav-1 expression and secre-
tion. To investigate the potential role of Cav-1 in dasatinib or
sunitinib regulation of the RTK/TK signaling, we analyzed the
effect of Cav-1 knockdown in PC-3 cells treated with dasat-
inib (0.05 pM) or sunitinib (0.2 wM) on the RTK signaling.
Cav-1 knockdown by Cav-1-specific small interfering RNA
(Cavsi) caused a marked reduction (60%) in the phosphory-
lation of PDGFRP (Y857), VEGFR2 (Y951), cellular expres-
sion of PDGF-B (30%), VEGF-A (70%) and, interestingly, the
secretion of PDGF-B (90%) and VEGF-A (reduced to unde-
tectable levels) compared with that of NCsi. Treatment of the
cells with dasatinib caused a marked reduction in P-PDGFRf
(50%) in NCsi cells compared with that of NCsi-untreated
cells (Fig. 6C). Dasatinib did not cause a notable reduction of
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trum of kinases, including Ber-Abl, SFK,
VEGFR2, ROCK, KIT, mTOR, EGFR
and PDGFR.*

An important note about the clinical
use of TKIs, however, is that it has
met with limited success owing to the
selective therapeutic responses of various
malignancies. This is due to both the
insufficient expression of the appropriate
therapeutic target and the complexity
of the response to these available agents,
resulting partly from their lack of target
specificity.??  Additional studies that
address the signaling responses to specific

Suni+Ab

TXKIs such as dasatinib and sunitinib may

Figure 5. Antitumor activity of sunitinib (Suni) alone and in combination with anti-Cav-1 antibody
(Cav-1Ab) on DU145 xenografts in nude mice. (A) Sunitinib alone and anti-Cav-1 antibody alone
significantly reduced the tumor volume of DU145 cells growing as xenografts compared with
those of vehicle- and IgG-treated controls (p = 0.0015 and p = 0.0377, respectively). Anti-Cav-1
antibody treatment also enhanced the efficacy of sunitinib. Each data point represents the mean
tumor volume in each group containing 7-10 mice. (B) Sunitinib alone and anti-Cav-1 antibody
alone significantly reduced the tumor wet weight in nude mice bearing DU145 tumor xenografts
compared with those in vehicle- and IgG-treated control mice (p = 0.0004 and p = 0.0016, respec-
tively). Data represents the mean tumor weight + SEM in each group containing 7-10 mice.

reveal unique molecular activities that
would be useful as candidate therapeutic
targets for combination therapeutic
strategies and/or biomarkers to better
stratify and monitor patients undergoing
TKI therapy. This study revealed that both
dasatinib and sunitinib reduce VEGFR2
and PDGFRP phosphorylation, but only

P-VEGFR2, but did cause a marked reduction in cellular and
secreted PDGF-B and VEGF-A, in NCsi compared with NCsi-
untreated cells. Sunitinib treatment caused a marked reduction
in P-PDGFR (50%); a moderate reduction in P-VEGFR2 and
cellular PDGF-B and a marked reduction in cellular VEGF-A
(60%) and secreted PDGF-B (70%) in NCsi compared with
NCsi-untreated cells (Fig. 6C). Sunitinib treatment did not
cause a notable reduction in secreted VEGF-A in NCsi com-
pared with NCsi-untreated cells. Importantly, for both dasat-
inib and sunitinib the reductions in P-PDGFRf, P-VEGFR2
and cellular and secreted PDGF-B and VEGF-A were mark-
edly enhanced (45-80% in each case) in Cavsi-treated cells
compared with NCsi-treated cells. These results strongly sug-
gest that dasatinib and sunitinib inhibits RTK/TK signaling,
in part, through inhibition of Cav-1 which, in turn, leads to
inhibition of cellular and secreted PDGF-B, and VEGF-A
(Fig. 6D).
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dasatinib reduced the phosphorylation of
Src and FAK in PC-3 and DU145 cells. We further found dose-
dependent growth suppression caused by dasatinib and sunitinib
in those cells. These data highlight the importance of dasatinib
and sunitinib in inhibiting cellular proliferation and add support
to the results of previous studies.?*?"3%34
Our results revealed that both dasatinib and sunitinib suppress
the expression and secretion of Cav-1 in PC-3 and DU145 cells
in a dose-dependent fashion. Dasatinib treatment was reported
previously to cause a significant reduction in Cav-1 mRNA in
breast cancer cell lines,” which suggests possible modulation of
Cav-1 expression by dasatinib at the transcriptional level. An
interesting note is that both of these drugs also caused a dose-
dependent reduction in Cav-1 phosphorylation. To date, the role
of the phosphorylated or activated form of Cav-1 has not been
clarified. Cav-1 is phosphorylated at the tyrosine residue (Y14)
in response to a number of stimuli, including oxidative stress.*®
This phosphorylation process may serve as a mechanism through
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Figure 6. Dasatinib and sunitinib suppress RTK signaling by downregulation of Cav-1. (A) Serum Cav-1 concentrations in mice treated with dasatinib
were significantly reduced compared with those in the control group (p = 0.027). (B) Serum Cav-1 concentration in mice treated with sunitinib were
reduced compared with that in the control group, although the differences did not achieve statistical significance (p = 0.0871). (C) Cav-1 knockdown
in PC-3 cells treated with dasatinib or sunitinib caused greater reduction in the phosphorylation of PDGFRB and VEGFR2 than control siRNA, and
suppressed cellular and secreted PDGF-B and VEGF-A [secreted VEGF-A were reduced to undetectable levels (un) in response to Cavsi alone and

Cavsi dasatinib or sunitinib treatment]. (D) Dasatinib and sunitinib inhibit PDGFRB and VEGFR2 signaling by downregulation of Cav-1 expression and
secretion, in turn, leads to suppression of expression and secretion of PDGF-B and VEGF-A. Data in (A and B) represent mean serum Cav-1 + SD in each

which Cav-1 signals to the intracellular machinery®® and may
indicate a change in its function.’” Indeed, a number of studies
have shown that P-Cav-1 plays a role in tumor progression as
a growth-stimulatory or antiapoptotic signal. For example,
P-Cav-1 was shown to promote tumor progression by stimulating
proliferation, migration, invasion or survival in melanoma cells,
mesangial cells,” kidney cells* and metastatic human breast and
PCa cells.”

We further demonstrated in this study that both dasatinib
and sunitinib treatment significantly reduced Cav-1 secretion.
We previously demonstrated that many androgen-insensitive
PCa cell lines secrete biologically active Cav-1 protein, which
promotes PCa cell viability through antiapoptotic activities and
clonal growth in vitro, similar to those activities observed after

1 12,14,16

enforced expression of Cav- Further, we previously found
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that recombinant Cav-1 protein is taken up by PCa cells and
endothelial cells in vitro and that recombinant Cav-1 increases
angiogenic activities both in vitro and in vivo by activating
Akt and/or nitric oxide synthase-mediated signaling.” Cav-
I-stimulated autocrine and paracrine engagement of the local
tumor microenvironment involve, but are not likely, limited to
its proangiogenic activities. Besides the local effects produced
by tumor cell-derived secreted Cav-1, serum Cav-1 can promote
metastasis at distant sites.” To date, various mechanisms have
been proposed as underlying Cav-1 secretion. The results of an
early study demonstrated that Cav-1 phosphorylation at Ser 80
is required for its retention by the endoplasmic reticulum and its
entry into the regulated secretory pathway.*> Other investigators
reported that Cav-1 is secreted through exosomes by melanoma

cells®® and through oncosomes or prostasomes by PCa cells.**%
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Our new results demonstrate that anti-Cav-1 antibody sig-
nificantly suppressed the tumor growth in PC-3 and DU145
xenografts, which confirms the role of secreted Cav-1 in the stim-
ulation of PCa tumor progression. The findings that both dasat-
inib and sunitinib suppress tumor growth and that each, when
combined with anti-Cav-1 antibody, results in greater tumor
regression than did either drug alone suggest that dasatinib and
sunitinib exert their therapeutic effects in part through suppress-
ing the expression and secretion of Cav-1.

It is important to note that our results also support the
concept that PCa cell-derived secreted and/or soluble Cav-1 is
a therapeutic target in PCa. Both dasatinib and sunitinib sig-
nificantly reduced the serum concentration of Cav-1, and that
concentration correlated positively with tumor growth in both
treated groups. The limitation of prostate-specific antigen (PSA)
as a biomarker is increasingly recognized in the assessment of
response to treatment in men with metastatic castration-resistant
PCa. For example, the 2008 recommendations of the Prostate
Cancer Clinical Trials Working Group, say that early changes
in PSA, in the absence of other objective evidence of disease pro-
gression, should not indicate the need for prompt discontinuation
of drug therapy. That recommendation is particularly applicable
because PSA changes may not be predictive of radiographic or
clinical response and/or benefit.

Other previous reports have shown that the use of gene profil-
ing may be a useful approach in the identification of biomarkers
associated with sensitivity of PCa cells to dasatinib.” Additional
studies have shown that a six-gene set, including Cav-1, was use-
ful in determining the response to dasatinib in a panel of breast
cancer cell lines in vitro.”> The results of our study substantially
extend these previous results and raise the possibility of using
serum Cav-1 as a biomarker for dasatinib and sunitinib response
in PCa patients.

The results of Cav-1 knockdown experiments clearly indicate
that reduction in the expression of Cav-1 by Cavsi treatment
caused a marked reduction in the phosphorylation of PDGFRB
and VEGFR2 similar to that observed by dasatinib or sunitinib
treatment (Fig. 6C). Cav-1 knockdown, in combination with
dasatinib or sunitinib treatment in PC-3 cells, caused a greater
reduction in the phosphorylation of PDGFR-8 and VEGFR2,
and expression and secretion of PDGF-B and VEGF-A than that
observed in PC-3 cells treated with dasatinib or sunitinib alone
in control siRNA cells. These data strongly suggest that these
drugs exert their inhibitory function via the reduction of Cav-1
expression and secretion which leads to the reduction of expres-
sion and secretion of GFs such PDGF-B and VEGEF-A, thereby
causing a reduction in the phosphorylation of both PDGFR{
and VEGFR2 through ligand depletion. Our results of a marked
reduction in the phosphorylation of PDGFR and VEGFR2 in
response to dasatinib or sunitinib in Cavsi-treated cells suggest a
possible role for Cav-1 in protecting the cells from the inhibitory
action of these drugs (Fig. 6D).

In conclusion, our results strongly suggest that dasatinib and
sunitinib inhibit specific signaling activities and suppress the
growth of the PCa cell lines PC-3 and DU145 in vitro and in
vivo, in part, through downregulation of Cav-1 expression and
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secretion of Cav-1, PDGF-B and VEGF-A. In addition, through
the use of combined treatment with anti-Cav-1 antibody plus
dasatinib or sunitinib, our results demonstrate the potential of
PCa cell-derived secreted and/or soluble Cav-1 as a biomarker
and therapeutic target for PCa.

Materials and Methods

Cell lines, cell culturing, reagents and antibodies. The hor-
mone-refractory PCa cell lines PC-3 and DU145, obtained from
the American Type Culture Collection, were cultured in RPMI
1640 medium supplemented with 10% FBS (Atlanta Biological).
Dasatinib and sunitinib, purchased from LKT Laboratories, Inc.,
were dissolved in dimethyl sulfoxide (Sigma-Aldrich) for in vitro
use and in citrate buffer (pH 3.0) for in vivo application.

Anti-Cav-1, anti-VEGEF-A, anti-PDGF-B, anti-VEGFR 2, anti-
PDGFRP, anti—phospho-PDGFRB (Y857) and anti-VEGFR2
antibodies were purchased from Santa Cruz Biotechnology; anti-
phospho-VEGFR2 (Y951) and anti-phospho-FAK (Y861) were
purchased from Invitrogen, anti-Src, anti-phospho-Src (Y419)
and anti-phospho-Akt (S473) antibodies were purchased from
Cell Signaling Technology and anti-phospho-Cav-1 and anti-Akt
antibodies were purchased from BD Biosciences.

RNA interference. Knockdown of Cav-1 in PC-3 cells was
achieved by transient transfection of the cells with a pool of
Cav-1-specific siRNA (Invitrogen), and a pool of non-targeting
siRNA (NGCsi) (Invitrogen), as control, by using Lipofectamine
RNAiMax transfection reagent (Invitrogen). Cells were treated
or used for further analysis after 48 h of transfection.

Proliferation assay. PC-3 and DU145 cells in 0.1 ml of
medium were plated in 96-well plates at a concentration of 35 x
10 cells/well. Dasatinib and sunitinib were added at concentra-
tions ranging from 0.05-5 wM for dasatinib and 0.2-20 pM for
sunitinib, and cell proliferation was determined after 24, 48 and
72 h by using an MTS assay (Promega) according to the manu-
facturer’s instructions.

Western blot analysis. Cells were treated separately with the
two drugs for 2 h for cell extract or 24 h in serum-free medium
for condition medium (CM) collection. Cellular extracts were
prepared by washing the cells with ice-cold PBS and lysing them
in ice-cold RIPA buffer (Cell Signaling) containing protease
inhibitor cocktail (Roche) and phosphatase inhibitor cocktails I
and II (Sigma-Aldrich). The protein lysates or CM were boiled
in SDS sample buffer and separated over 4-15% SDS-PAGE gels
(BioRad). The resulting separated proteins were transferred onto
a nitrocellulose membrane and blotted with specific antibodies;
antibody detection was performed by using a chemiluminescence-
based detection system (Pierce Biotechnology). Quantification
was performed using UN-SCAN-IT gel analysis software and
data were expressed as the ratio units of either phosphorylated
protein per total protein or total protein per loading control pro-
tein B-actin, relative to that in the untreated controls in lane 1.

PC-3 and DU145 xenografts and treatments. Ten-week-old
male athymic nu/nu nude mice were injected subcutaneously in
the right flank with 5 x 10° cancer cells suspended in Matrigel
(BD Biosciences). Tumors were allowed to develop, and tumor

Volume 14 Issue 2

. Do not distribute

lI0Science

©2012 Landes B



growth was measured by caliper twice a week. Tumor volume
was calculated according to the formula V = (a? x b)/2, in which
a and b are the minimal and maximal diameters, respectively, in
millimeters. Animals were examined daily and body weight and
tumor size recorded twice weekly. When tumor volumes reached
the range of 150-200 mm?, mice were allocated into five treat-
ment groups of eight to 10 animals each so that all groups had
approximately the same mean tumor volume.

For mice bearing PC-3 tumors, treatments consisted of vehicle
alone [controls; citrate buffer (100 pl q.d., p.o.)]; immunoglobu-
lin G (IgG; 10 pg q.0.d., i.p.); anti-Cav-1 antibody (10 g q.0.d.,
i.p.); dasatinib (15 mg/kg q.d., p.o.) and combined dasatinib
(15 mg/kg q.d., p.o.) plus anti-Cav-1 antibody (10 pg q.0.d., i.p.).

For mice with DU145 tumors, treatments consisted of vehicle
alone (controls; citrate buffer 100 pl q.d.p.o.); IgG (10 g q.0.d.,
i.p.); anti-Cav-1 antibody (10 wg q.0.d., i.p.); sunitinib (10 mg/
kg q.d., p.o.) and combined sunitinib (10 mg/kg q.d., p.o.) plus
anti-Cav-1 antibody (10 pg q.0.d., i.p.).

Treatments continued for 21 d, and tumor volumes were
calculated and recorded as described above. Mice were euthanized,
and their tumor tissues and serum were collected for analysis.

Serum Cav-1 assay. The serum concentrations of Cav-1 in the
control mice, those treated with dasatinib and those treated with

sunitinib were determined according to the previously described
sandwich ELISA assay protocol.” Concentrations are reported
as ng/ml.

Statistical analyses. ANOVA (analysis of variance) soft-
ware (unpaired t-test) was used to compare the tumor weights
and volumes as well as serum Cav-1 concentrations between
groups. Pearson’s correlation coefficient testing was used to iden-
tify any correlation between serum Cav-1 concentrations and
tumor weight. All analyses were performed by using Statview
5.0 software (SAS Institute). p < 0.05 was considered statistically
significant.
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