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Gefitinib Inhibits the Cross-Talk Between Mesenchymal
Stem Cells and Prostate Cancer Cells Leading to Tumor Cell
Proliferation and Inhibition of Docetaxel Activity
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ABSTRACT

Increasing evidence suggests that bone marrow derived mesenchymal stem cells (BM-MSCs) are recruited into the stroma of developing
tumors where they contribute to progression by enhancing tumor growth and metastasis, or by inducing anticancer-drug resistance. Prostate
cancer cells secrete ligands of epidermal growth factor receptor (EGFR) and EGFR signaling could play an important role in the cross-talk
between mesenchymal stem cells and prostate cancer cells. In this study, we showed that treatment of human primary MSCs with conditioned
medium (CM) derived from the bone metastatic PC3 carcinoma cells (PC3-CM) resulted in: a significant activation of EGFR; increased
proliferation; increased osteoblastic but decreased adipocitic differentiation; inhibition of senescence induced by serum starvation; increased
CCL5 secretion. These activities were significantly inhibited in the presence of the EGFR tyrosine kinase inhibitor gefitinib. PC3-CM directly
inhibited osteoclastogenesis as well as the ability of osteoblasts to induce osteoclast differentiation. The increased MSCs migration by PC3-CM
and PC3 cells was partially mediated by CCL5. MSC-CM increased the formation of colonies by PC3 cells and inhibited the anti-proliferative
activity of Docetaxel. Activation of EGFR expressed on MSCs by PC3-CM enhanced their capability to increase PC3 cells proliferation and to
inhibit Docetaxel activity. These findings, by showing that the tumor-promoting interactions between PC3 cells and MSCs are mediated, at
least in part, by EGFR, suggest a novel application of the EGFR-tyrosine kinase inhibitors in the treatment of prostate cancer. J. Cell. Biochem.
114: 1135-1144, 2013. © 2012 Wiley Periodicals, Inc.
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P rostate cancer is no longer viewed as a disease of abnormally in which they reside [Jin et al, 2011]. Multiple signaling
proliferating epithelial cells but rather as a disease of complex pathways provide cross-talk between the epithelial and the stromal
interactions between prostate cancer epithelial cells (epithelial compartments to enhance tumor growth, including androgen
compartment) and the surrounding tissues (stromal compartment) receptor signaling, tyrosine kinase receptor signaling, and immune
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surveillance [Karlou et al., 2010]. To disrupt this “two-compart-
ments” cross-talk, drugs that target tumor stromal elements in
addition to the neoplastic epithelial cell were developed [Guise,
2010; Karlou et al., 2010; Dayyani et al., 2011; Jin et al., 2011].

Mesenchymal stem cells (MSCs) constitute a self-renewing
population of multipotent cells present in bone marrow (BM) and
in many other adult tissues. MSCs represent a reservoir of reparative
cells that migrate toward sites of active tumorigenesis, integrate into
the specialized tumor niche and contribute to the development of
cancer-associated-fibroblasts (CAF) [Bergfeld and DeClerck, 2010;
Kuhn and Tuan, 2010; Cirri and Chiarugi, 2011]. Within the BM
microenvironment, MSCs favor the formation of BM metastasis by
inducing tumor cell proliferation and protect cancer cells against
chemotherapeutic agents [Guise, 2010; McMillin et al., 2010;
Salem and Thiemermann, 2010; Suva et al., 2011]. Therefore, the
elucidation of the cellular and molecular mechanisms involved in
the interactions between prostate cancer (PCa) cells and MSCs can
provide new targets and new therapeutic strategies for therapies to
control PCa progression [Karlou et al., 2010]. Because of their
tumor-tropic migratory responses, MSCs are emerging as promising
anti-cancer agents for delivering effective targeted therapy to
tumors [Shah, 2011]. Using an orthotopic C4-2B xenograft model
system studies by Placencio et al. [2010] revealed that MSCs
incorporated into regrowing prostate, could contribute to PCa
progression by enhancing Wnt signaling and suggested their use as
a vehicle for transporting genetic information with potential
therapeutic effects on castration-resistant prostate cancer.

The EGFR belongs to the human epidermal receptor (HER) axis, a
dynamic and interconnected family of receptors forming complexes
which activate downstream signaling events critical for cell growth
and proliferation [Normanno et al., 2006]. The EGFR is expressed in
almost all types of non-transformed cells, including MSCs and their
progeny, and is frequently over-expressed in carcinoma cells
[Normanno et al.,, 2006]. Several EGFR ligands are secreted by
human primary PCa and by prostate cancer cell lines, including PC3
cells [Gullick, 2009]. In PCa cells, suppression of EGFR signaling by
the tyrosine kinase inhibitor gefitinib reduces the incidence of
metastasis in nude mice [Angelucci et al., 2006]. In addition, we
previously demonstrated that factors released under the control of
EGEFR signaling modulate bone remodeling through the induction
of RANKL in bone marrow stromal cells [Normanno et al., 2005;
Normanno and Gullick, 2006]. EGFR signaling also regulates the
ability of MSCs to release growth factors that promote neo-
angiogenesis and tumor cell migration [De Luca et al., 2011].

The purpose of our study was to determine if the inhibition of
EGEFR signaling could affect the interaction between MSCs and PCa
cells, and to assess whether this phenomenon might represent a
novel target for therapeutic intervention in PCa.

CELL LINES AND CULTURE CONDITIONS

The human PCa-derived PC3 and DU145 cell lines were purchased
from an authenticated source (German collection of Micro
organisms and cell cultures, Braunschweig, Germany). The cells
were maintained in RPMI medium (Cambrex Bio Science, Milano,

Italy) supplemented with 10% heat-inactivated fetal bovine serum
(FBS; Gibco, Italy), 0.2mg/ml penicillin/streptomycin and 0.1%
(w/v) L-glutamine (Cambrex) at 37°C in a 5% CO, fully humidified
atmosphere. Cell lines used in the study were further authenticated
for their origin by BMR Genomics (Padova, Italy). BM derived
human MSCs were purchased from Lonza (Lonza, Verviers, Belgium)
and maintained in MSGM bullet kit (Lonza). These cells are positive
for CD29, CD44, CD105, and CD166 and negative for markers of the
hematopoietic lineage, such as CD14, CD34, and CD45.

PREPARATION OF CONDITIONED MEDIA AND ELISA ASSAY

PC3 cells were incubated in complete medium. After 5 days,
conditioned medium (CM) was collected, filtered and stored in
aliquots at —20°C. MSC layers were cultured in medium alone, with
PC3-CM (10%, v/v), PC3-CM (10%, v/v)/gefitinib (ZD1839, Iressa,
AstraZeneca, Macclesfield, UK), or gefitinib (5uM) alone. After
10 days supernatants were collected, filtered, aliquoted and stored at
—20°C. IL-6 and CCL5/Rantes, EGF and TGF-alpha were assessed
with the Quantikine Human Immunoassay kits (R&D, Minneapolis,
MN), following the manufacturer’s instructions.

EGFR PHOSPHORYLATION

After a 12 h pre-incubation in serum free (SF) medium, MSCs were
cultured for 10 min with 50 ng/ml of recombinant EGF (PeproTech,
London, UK) or PC3-CM (20%, v/v) in the absence or in the presence
of 5 uM gefitinib. The concentration of phosphorylated EGFR was
measured by using the Active EGFR EIA kit (Takara, Biomedicals,
Tokio, Japan) following the manufacturer’s instructions and the
concentration was expressed as the amount of phosphorylated EGFR
(fmol/ml)/3 x 10* cells.

PROLIFERATION AND COLONY ASSAYS

MSCs (2.5 x 10°) were cultured in complete medium in 96-well flat-
bottomed plates and allowed to attach for 24 h. Cells were then
exposed to increasing amount of PC3-CM that was replaced twice.
After a total of 9 days of culture, cell proliferation was evaluated by
BrdU assay (Roche Diagnostics, Boehringer-Mannheim, Germany),
according to manufacturer’s instructions. A similar experiment was
performed with OB-differentiated MSCs. MSCs (2.5 x 10°) were
cultured in complete medium in 96-well flat-bottomed plates and
allowed to differentiate into OBs for 14 days. OBs were then cultured
in the presence of PC3-CM as described above. In another series of
experiments, MSCs and OBs-differentiated MSCs (2.5 x 10%) were
exposed to increasing concentrations of gefitinib (0.6-20 wM) in the
presence of a fixed amount of PC3-CM (20%, v/v). To evaluate PC3
cells capacity for growth at clonal density, 1.0 x 10% cells were
cultured in 24-well plates in the presence of MSC-CM (10%, v/v) that
was replaced every 5 days. After 10 days, plates were observed under
phase-contrast microscopy and aggregates with >40 cells were
scored as colonies. Senescence studies were performed incubating
MSCs in RPMI medium without FBS (serum free medium) for 9 days
in the presence or in the absence of PC3-CM (20%, v/v), replaced
every 3 days, and gefitinib (2 wM). Senescent cells, positive for
B-galactosidase activity, were evaluated with the Senescent cells
staining kit (Sigma-Aldrich, Milan, Italy) as described [Itahana et al.,
2007]. The percentage of senescent cells (number of blue cells/total
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number of cells counted) was calculated from three randomly
selected visual fields.

DOCETAXEL ACTIVITY

PC3 cells (2.5 x 10%) were cultured in complete medium in the
presence or in the absence of Docetaxel (Aventis Pharma,
Dagenham, UK; 5nM). After 24 h cells were washed and cultured
in the presence or in the absence of increasing amounts of MSC-CM.
In another series of experiment PC3 cells were cultured in the
presence of increasing amount of Docetaxel (0.6-10 nM). After 24 h
cells were washed and cultured in the presence or in the absence of
complete medium (10%, v/v) derived from MSCs cultured in
the presence or in the absence of PC3-CM and/or gefitinib. After
72h, proliferation was evaluated by bromodeoxyuridine (BrdU)
incorporation.

MSC DIFFERENTIATION

MSCs (1 x 10*) were cultured in complete medium in 24-well plates
and allowed to attach. At about 80% cell confluence, the culture
medium was replaced by osteogenic medium (OM; 50 nM ascorbic
acid, 10mM B-glycerol phosphate, and 100nM dexamethasone;
Sigma-Aldrich).

Osteogenic differentiation was assessed by alkaline phosphatase
staining (Sigma-Aldrich). Adipocyte differentiation, obtained with
adipogenic medium (AM; 10 ng/ml insulin, 1 WM dexamethasone,
60nM indomethacin, and 0.5mM isobutylmethyl-xanthyne;
Sigma-Aldrich), was revealed with the Oil Red-O staining
(Sigma-Aldrich). For the period of osteogenic or adipogenic
differentiation, MSCs were cultured in the presence or in the
absence of PC3-CM (10%) and/or gefitinib (5 wM).

OSTEOCLASTOGENIC ASSAY

0Cs were obtained as previously described [Pivetta et al., 2011].
Briefly, peripheral blood mononuclear cells (PBMCs) were isolated
from buffy coat preparations obtained from healthy donors. Buffy
coats were diluted in PBS (1:3) and overlaid on Ficoll-Paque
(Amersham, GE Healthcare, Milan, Italy), and centrifuged at 800g for
20min. The interface layers were collected and washed in PBS.
PBMCs were resuspended in appropriate volume of RPMI. Cells were
seeded at optimal density, incubated for 2 h at 37°C and then washed
three times with PBS to remove non-adherent cells. Cultures were
grown in RPMI supplemented with 10% heated-inactivated FCS,
penicillin (1001U/ml), streptomycin (100 pwg/ml), human M-CSF
(30 ng/ml), and human RANKL (40 ng/ml; differentiating agents),
and maintained at 37°C in a humidified atmosphere of 5% CO,
(control cells). The cells were fed every 3 days with fresh medium
and differentiating factors. In addition, cells in complete medium
plus differentiating factors were cultured with PC3-CM (5%, v/v) or
OBs-CM (5%, v/v). After 14 days of culture cells were used for TRAcP
staining. To obtain OBs, MSCs were cultured for 14 days in
osteogenic medium. OBs-CM were obtained by culturing OBs in the
presence or in the absence of PC3-CM (10%, v/v) for 72 h. Then OBs
were cultured for additional 24h in SF medium. For these
experiments PC3-CM was obtained by culturing cells for 36h in
complete medium.

TRAcP STAINING

To quantify the formation of tartrate-resistant acid phosphatase-
positive (TRAcP) multinucleated cells, cell cultures were stained for
TRACP using Leukocyte Acid Phosphatase Kit (Sigma Diagnostics),
according to manufacturer’s instruction. Cells positive for TRAcP
and having more than three nuclei were considered as TRAcP-
positive multinucleated OCs.

CELL MOTILITY ASSAY

Migration was assessed by FATIMA assay as previously described
[Spessotto et al., 2009]. Briefly, cells (MSCs: 50,000 cells/insert),
tagged with the lipophylic dye Fast Dil (Molecular Probes), were
seeded in 150 wl SF medium in the upper side of collagen type
I-coated Boyden chamber inserts. Migration was then monitored at
different time intervals for 20h, using a computer-interfaced
GeniusPlus microplate reader. FATIMA software determined the
percentage of transmigrated cells out of the total amount introduced
into the system. Complete medium from PC3 or DU145 supernatants
(50%, v/v), PC3 or DU145 cell layers, were used as chemoattractants.
Each experiment was performed at least three times, in duplicate.
Control experiments were performed in the presence of a
neutralizing anti-human-CCL5 monoclonal antibody (mAb) (R&D
Systems) or isotype control mAb (mouse IgG1l) added to the
supernatants at a concentration of 4 pug/ml.

STATISTICS

All values are given as means+SD of not less than three
measurements (unless otherwise stated). Statistical comparisons
were drawn using Student’s f-test. Differences were considered
significant where P < 0.05.

PC3 SUPERNATANT INDUCED EGFR PHOSPHORYLATION IN MSCs
It has been previously demonstrated that PCa cells, including PC3
cells, secrete EGFR ligands, such as TGF-alpha and EGF [Torring
et al., 2000; Krampera et al., 2005; DeHaan et al., 2009]. We
confirmed that PC3 cells secrete high levels of TGF-alpha
(approximately 32.26 pg/mg protein) but lower amounts of EGF,
as evaluated by ELISA assay (data not shown). To determine whether
PC3-supernatants were able to induce EGFR phosporylation
in MSCs, we treated MSCs with PC3-CM (20%, v/v) or with EGF
(50 ng/ml; positive control), in the presence or in the absence of
gefitinib. MSCs treatment with either EGF or PC3-CM determined a
significant increase in the levels of phosphorylated-EGFR that was
completely abolished by simultaneous treatment with gefitinib
(Fig. 1). Under these experimental conditions, treatment with
gefitinib alone was unable to significantly affect EGFR phosphory-
lation basal levels.

GEFITINIB INHIBITED MSC PROLIFERATION INDUCED BY

PC3-CM IN VITRO

PC3 conditioned medium promotes proliferation and osteogenic
differentiation of human BM-MSCs [Fritz et al., 2011; Tang et al.,
2011]. We confirmed that PC3-CM increased MSC proliferation, in a
dose dependent manner (Fig. 2A). To demonstrate that this was due
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Fig. 1. Effect of PC3-CM on MSCs expression of phosphorylated EGFR. MSCs
were cultured with EGF (positive control) or PC3-CM in the absence or in the
presence of gefitinib. EGFR phosphorylation levels, determined by a specific
ELISA assay, were expressed as the amount of phosphorylated EGFR (fmol/ml)/
3 x 10* cells. Results represent the mean + SD of three different experiments
in triplicate. “P< 0.05, EGF or PC3-CM treated cells versus untreated cells,
°P < 0.05, EGF or PC3-CM treated cells versus EGF or PC3-CM and gefitinib
treated cells.

to EGFR activation, we cultured MSCs in a fixed amount of PC3-CM
(20%, v/v) in the presence or in the absence of increasing
concentrations of gefitinib. PC3-CM increased MSC proliferation
that was inhibited in a dose-dependent manner by simultaneous
treatment with gefitinib (Fig. 2B).

B-Galactosidase activity at pH 6 is a marker of cell senescence and
cultivation in SF medium induced senescence in MSCs (Fig. 2C).
Treatment with PC3-CM decreased the mean number of senescent
cells from 81+5% (SF medium) to 42+3% (+PC3-CM) and
this effect was reverted by simultaneous treatment with gefitinib
(79%; Fig. 2C). Gefitinib used alone was fully ineffective on this
phenomenon.

These data demonstrate that EGFR activation by PC3-CM
increases proliferation and reduces senescence by serum starvation
in MSCs.

GEFITINIB INHIBITED OB PROLIFERATION INDUCED BY

PC3-CM IN VITRO

Then we evaluated the activity of PC3-CM on MSCs differentiation
in the presence or in the absence of gefitinib. Treatment of MSCs
with PC3-CM, in the presence of OM or AM, increased the cell
number that was strongly reduced by the simultaneous presence of
gefitinib (Fig. 3A). The effect of PC3-CM was also evaluated on
differentiated OBs, obtained by MSCs cultured for 14 days in OM (the
extent of differentiation was quantified by ALP staining). PC3-CM
increased OBs proliferation, in a dose-dependent manner (Fig. 3A)
and PC3-CM (20%, v/v) activity was inhibited in a dose-dependent
manner by simultaneous treatment with gefitinib (Fig. 3C),
demonstrating that the increased proliferation was due, at least
in part to EGFR activation. Consistent with the finding by Fritz
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Fig. 2. Effect of gefitinib and PC3-CM on MSC proliferation and senescence.
A: MSCs were cultured in the presence of increasing amounts of PC3-CM that
was replaced twice B: or in the presence of a fixed amount of PC3-CM (20%,
v/v) in the presence or in the absence of increasing amounts of gefitinib. After
9 days, proliferation was evaluated by BrdU assay. Results represent the
mean &+ SD of three different experiments in triplicate. Data are expressed
as percentage of absorbance unit of the respective control. *P < 0.05 PC3-CM
treated cells versus PC3-CM treated plus gefitinib. C: MSCs were cultured in
control medium (plus FBS; black histograms) or in SF medium (gray histo-
grams) for 9 days in the presence or in the absence of PC3-CM (20%, v/v),
and gefitinib (2 uM), that was replaced twice. The percentage of senescent
B-gal-positive cells (number of blue cells/total number of cells counted)
was calculated from three randomly selected fields. Results represent the
mean + SD of three different experiments. 5P < 0.05 SF cultured cells versus
control medium *P< 0.05 PC3-CM treated cells versus untreated °P < 0.05,
PC3-CM treated plus gefitinib versus PC3-CM treated cells.
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original magnification, 100x). E: Effect of PC3-CM on OC differentiation. Pre-OC were incubated for 14 days with RANKL+ M-CSF in the absence (1) or in the presence of
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(5), or PC3-CM (6). Cells were stained for TRAcP (original magnification 10x). F: Number of multinucleated TRAP-positive cells. *P < 0.05 PC3-CM treated (with or without
gefitinib) versus untreated cells °P< 0.05, OBs-CM treated versus untreated cells, ‘gefitinib treated OBs-CM versus OBs-CM treated cells *P< 0.05, PC3-CM treated OBs-CM
versus OBs-CM treated cells.
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et al. [2011], PC3-CM increased osteoblastic differentiation, as
demonstrated by ALP staining (Fig. 3D) and ALP enzymatic activity
(data not shown); this effect was strongly reduced by simultaneous
treatment with gefitinib (Fig. 3D, upper panel). On the contrary,
adipocytic differentiation (Fig. 3D, lower panel) was inhibited by
PC3-CM and this effect was not reverted by simultaneous treatment
with gefitinib.

PC3-CM INHIBITED OSTEOCLASTOGENESIS

We then evaluated the possibility of direct effect of PC3-CM on OC
differentiation and on the ability of OBs to induce OC differentiation.
PC3-CM remarkably inhibited osteoclastogenesis induced by
RANKL/M-CSF (Fig. 3E,F). This phenomenon was not affected by
gefitinib treatment. CM from OBs significantly induced OC
differentiation, as expected (Fig. 3E,F). However, when OBs were
treated with gefitinib a significant reduction in the ability of OBs to
sustain osteoclastogenesis was detected (Fig. 3E,F). Exposure of OBs
to PC3-CM produced a further reduction in the OBs-induced OCs
differentiation (Fig. 3E,F). Taken together, these experiments
suggest that: (1) PC3 cells are able to secrete factors that directly
inhibit OC differentiation; (2) the ability of OBs to induce OC
differentiation is in part related to activation of the EGFR; and
(3) PC3 cells secrete factors that reduce the ability of OBs to induce
0OC differentiation.

GEFITINIB INHIBITED CCL5 SECRETION BY MSCs

The cytokine IL-6 and the chemokine CCL5 are two molecules
involved in prostate cancer progression, chemo-resistance, andro-
gen independence, and bone remodeling [Lu et al., 2004; Vaday
et al., 2006; Levina et al., 2008; Colombatti et al., 2009; Morrissey
et al.,, 2010; Santer et al., 2010]. Treatment of MSCs with PC3-CM
(10%, v/v) significantly increased the secretion of CCL5 (3.0-fold
compared to untreated cells; Fig. 4) and IL-6 (1.4-fold; Fig. 4).
Addition of gefitinib decreased the basal levels of secreted CCL5
(to 65% respect to untreated cells) but not of IL-6 (Fig. 4). The
simultaneous treatment with PC3-CM and gefitinib reduced the
secretion of CCL5 by approximately 30% but was ineffective on IL-6
(Fig. 4). Our results suggest that activation of EGFR by PC3-CM
regulates only the secretion of CCL5.

CCL5 SECRETED BY PC3 CELLS INDUCED SPECIFIC CHEMOTACTIC
RESPONSE BY MSCs

Both PC3-CM and PC3 cells increased MSC migration in a similar
manner after 5h (approximately 2.70-fold compared to control
medium) or after 20h of incubation (3.0-fold increase; Fig. 5A).
Similar results were obtained when complete medium or a confluent
layer of DU145 PCa cell line were used as chemoattractants (data not
shown).

Since PC3 cells secreted significant amounts of CCL5 (153.84 pg/
mg of protein) we evaluated if CCL5 secreted by PC3 cells was able to
sustain the migration of MSCs [Ponte et al., 2007]. For this purpose, a
migration assay in which MSCs were induced to migrate in response
to PC3-CM in the presence of neutralizing anti-CCL5 antibodies was
performed [Aldinucci et al., 2008; Gallo et al., 2011]. The ability of
PC3-CM to induce MSC migration was significantly inhibited by
addition of an anti-CCL5 antibody (Fig. 5B). Anti-CCL5 Ab used
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Fig. 4. Effect of gefitinib and PC3-CM on MSC secretion of CCL5 and IL-6.
MSCs were cultured in the presence of PC3-CM (10%, v/v), or PC3-CM plus
gefitinib (5 wM), or gefitinib alone. After 10 days, supernatants were analyzed
for IL-6 and CCL5 concentration using specific ELISA assays. All samples were
run in duplicate; supernatants from three different experiments were evalu-
ated. "P< 0.05 PC3-CM treated cells versus untreated. °P< 0.05, gefitinib
treated cells versus untreated, P < 0.05, PC3-CM plus gefitinib treated cells
versus PC3-CM treated.

alone only slightly decreased MSC migration. Isotype control
antibodies never affected MSC migration. Our data demonstrate that
MSC migration is due, at least in part, to CCL5 secreted by PC3 cells.

MSC-CM INCREASED PROLIFERATION AND INHIBITED DRUG
ACTIVITY ON PC3 CELLS

MSCs in the tumor microenvironment favor tumor cell growth,
offering also protection from chemotherapeutic agents [Meads et al.,
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Fig. 5. Effect of PC3-CM on MSCs migration. A: Migration of MSCs through
a collagen type I-coated Boyden chamber in response to PC3-CM or PC3 cells
*P< 0.05, PC3-CM or PC-3 cells layers versus medium alone. B: Inhibition of
PC3-CM induced migration of MSCs following treatment with neutralizing
anti-CCL5 antibodies (CCL5 Ab) or isotype control (IC) antibodies. “P< 0.05
PC3-CM versus medium alone. °P<0.05, PC3-CM versus PC3-CM plus
anti-CCL5.
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2009; Roodhart et al., 2011]. We investigated whether the PC3/MSC
cross-talk mediated by the EGF ligand/receptor system could affect
PC3 cells proliferation and inhibit Docetaxel activity. For this
purpose, we used supernatants derived from: MSCs cultured alone,
or in presence of PC3-CM and/or gefitinib. First, we evaluated the
effects of MSC-CM on PC3 cells colony formation. As shown in
Figure 6A, supernatants from MSCs cultured alone or with gefitinib
increased PC3 cells colony number by 3.4-fold. Supernatants from
MSCs treated with PC3-CM showed the highest ability to improve
PC3 cells clonogenic growth, suggesting that factors secreted by PC3
cells mediate in MSCs the secretion of molecules that promote PCa
cell growth. Interestingly, this phenomenon was significantly
reduced by treatment of MSCs with PC3-CM in presence of
gefitinib. Then, we assessed the activity of Docetaxel on PC3 cell
growth [Chin et al., 2010] in the presence or in the absence of MSC-
CM. The MSC-CM decreased in a dose-dependent manner the
activity of Docetaxel, used at a concentration capable to reduce PC3
cell proliferation to about 50% of control (5nM; Fig. 6B). Finally,
Docetaxel activity was evaluated in the presence of a fixed amount
of supernatants from MSCs cultured alone or with gefitinib and/or
PC3-CM (Fig. 6C). Docetaxel inhibited in a dose dependent manner
PC3 cell proliferation (Fig. 6C). Supernatants from MSCs cultured
alone (black circle) or with gefitinib (white circle) significantly
decreased the antiproliferative activity of Docetaxel. Complete
medium from MSCs pre-treated with PC3-CM (black square) was the
most active and almost totally reduced Docetaxel activity. Super-
natants from MSCs treated simultaneously with PC3-CM and

Fig. 6. Effects of MSC-CM on PC3 cells clonogenic growth and Docetaxel
activity. A: 1.0 x 10% PC3 cells were cultured in control medium, or in the
presence of supernatants derived from MSC-CM, MSCs pre-treated with PC3-
CM (10%, v/v), PC3-CM plus gefitinib (5 wM), or gefitinib alone. MSC-CM was
replaced every 5 days. After 10 days incubation, plates were observed under
phase-contrast microscopy and aggregates with >40 cells, were scored as
colonies. Results represent the mean =+ SD of three replicate wells in triplicate
and are expressed as percentage of colony number respect to control (medium
alone). “P< 0.05 MSC-CM treated cells versus untreated. °P < 0.05, MSC-CM
(PC3-CM treated) treated cells versus MSC-CM treated *P < 0.05, MSC-CM
(PC3-CM/gefitinib pre-treated) treated cells versus MSC-CM (PC3-CM pre-
treated) treated. B: PC3 cells (2.5 x 10°) were cultured in the presence or in the
absence of Docetaxel (5 nM) for 24 h. Then cells were washed and cultured in
the presence or in the absence of increasing amounts of MSC-CM. After 3 days,
proliferation was evaluated by BrdU assay. Results represent the mean = SD of
three different experiments in triplicate. Data are expressed as percentage of
absorbance unit of the respective control. “P < 0.05 Docetaxel treated cells
versus untreated. °P<0.05, Docetaxel plus MSC-CM treated cells versus
Docetaxel treated. C: PC3 cells were cultured in the presence or in the absence
of Docetaxel (0.6-5nM). After 24 h cells were washed and cultured in the
presence or in the absence of MSC-CM (10%, v/v) derived from MSCs pre-
treated with PC3-CM (10%, v/v), PC3-CM plus gefitinib (5 M), or gefitinib
alone. After 3 days, proliferation was evaluated by BrdU assay. Results
represent the mean £SD of three different experiments in triplicate. Data
are expressed as percentage of absorbance unit of the respective control.
"P<0.05 Docetaxel treated cells versus untreated. *P< 0.05 MSC-CM, and
MSC-CM/gefitinib treated cells versus untreated. °P < 0.05, MSC-CM (PC3-
CM pre-treated) treated cells versus untreated cells SP<0.05 MSC-CM (PC3-
CM/gefitinib pre-treated) treated cells versus MSC-CM (PC3-CM pre-treated)
treated.

gefitinib (white square) resulted as active as medium derived from
MSCs cultured alone (black circle).

Our results demonstrate that PC3-CM activated the EGFR on
MSCs and increased their capability to secrete molecules involved in
PC3 cell proliferation and in the inhibition of Docetaxel activity.
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MSCs migrate towards regenerating tissues, primary tumors and
metastatic sites where they interact with tumor cells and may sustain
progression through the release of growth factors that promote
neo-angiogenesis, tumor cell migration and drug resistance
[Houthuijzen et al., 2012].

In this study we provided evidence that EGFR signaling is
involved in the cross-talk between PCa cells and MSCs. Blockade of
EGFR in MSCs was able to affect their ability to sustain PCa cell
growth and to inhibit Docetaxel activity on PCa cells.

PC3-CM increases MSC proliferation and osteoblastic differenti-
ation [Tang et al., 2011]. Accordingly, we found that PC3-CM
increased both MSCs and OBs proliferation, reduced senescence of
serum-starved MSCs and increased osteoblastic differentiation.
Using the EGFR tyrosine kinase inhibitor gefitinib we demonstrated
that these phenomena were due, at least in part, to EGFR activation
by PC3 cells, in line with the observation that PC3 cells secrete TGF-
alpha. However, it is likely that different pathways of EGFR
transactivation also were involved [Gschwind et al., 2001; Porcile
et al.,, 2005; Singh and Lokeshwar, 2011].

Previous reports demonstrated that an EGFR inhibitor caused
a significant reduction in trabecular bone volume [Zhang et al.,
2011] and the reduction of experimental metastasis of PC3 cells
transplanted in mice [Angelucci et al., 2006]. Gefitinib inhibited the
cross-talk between PC3 and MSCs, and our finding suggest that
activation of EGFR by PCa cells [De Luca et al., 2008] might favor the
abnormal expansion of MSCs and OBs in the tumor microenviron-
ment, leading to the development of osteoblastic metastasis
[Ibrahim et al., 2010]. In addition, PC3 cells secreted molecules
that directly inhibited osteoclastogenesis and the ability of OBs to
induce OC differentiation.

PCa cells/adipocyte interactions result in direct uptake and
metabolism of Arachidonic acid [Angelucci et al., 2008] by PCa cells,
destruction of adipocytes and subsequent formation of bone
metastasis. Our results indicate that the direct effects of PCa cells
on MSCs during adipogenic differentiation might be a further
mechanism contributing to the absence of differentiated adipocytes
in BM stroma invaded by PCa cells. In fact, PC3-CM increased pre-
adipocyte proliferation, but at the same time it inhibited adipocyte
differentiation. This finding was in line with the observation that
PCa and PC3 cells secrete considerable amounts of endothelin (ET-1)
[Le et al., 1999; Rosenblatt et al., 2009], which is known to increase
MSC proliferation and to inhibit adipogenesis [Bhattacharya and
Ullrich, 2006].

BM-MSCs are incorporated within prostate epithelia during the
process of prostate regrowth suggesting their use as a vehicle for
transporting genetic information with potential therapeutic effects
on castrate resistant PCa [Placencio et al., 2010]. CCL5 is a
chemokine involved in MSCs migration [Ponte et al., 2007] whose
expression was demonstrated in PCa cell lines, primary prostate
adenocarcinoma cells, and human PCa tissues [Vaday et al., 2006].
We demonstrated here that supernatants from PC3 and DU145 cells
increased MSC migration that was partially blocked by neutralizing
anti-CCL5 mAbs. These results suggest that CCL5, together with
other molecules secreted by PCa cells or by cells of the

microenvironment, could be involved in the recruitment of MSCs
into the prostate tumor stroma. Our findings imply the possibility to
use manipulated MSCs, that have inherent tumor-trophic migratory
properties, as vehicles for delivering effective, targeted therapy to
isolated tumors and metastatic disease [Shah, 2011].

Increasing evidence indicate that MSCs attracted by tumor cells
contribute to a microenvironment that promotes osteolysis, tumor
growth, and drug resistance [Bergfeld and DeClerck, 2010]. We
found that supernatants from MSCs, in particular when pre-treated
with PC3-CM, increased PC3 cells colony growth and decreased the
antiproliferative activity of Docetaxel, suggesting that MSCs may
contribute to prostate cancer progression by providing additional
growth factors and by inhibiting Docetaxel activity. Gefitinib, by
inhibiting EGFR activation induced by PC3-CM on MSCs reduced
their effects on PC3 cells. These results suggest the possibility that
the activation of MSCs by PCa cells could be partially inhibited by
EGFR blockade.

Studies by Karnoub et al. [2007] demonstrated that MSCs induce
weakly metastatic breast cancer cells to acquire enhanced metastatic
abilities through the secretion of CCL5. Is this regard, we found that
EGFR activation by PC3-CM increased the secretion by MSCs of
CCL5 [Vaday et al., 2006; Colombatti et al., 2009]. Expression of
both CCL5 and IL-6 in PCa cells was found to be regulated by
prostate specific membrane antigen (PSMA) through the MAPK
pathway [Colombatti et al., 2009]. More recently, co-authors of this
study have demonstrated that the bis-phosphonate zoledronic acid,
a drug that is commonly used for the treatment of bone metastasis in
patients affected by different cancer types including PCa, is able to
significantly reduce the secretion of CCL5 in MSCs [Gallo et al.,
2011] a chemokine involved in PCa cells growth. Since zoledronic
acid is currently used for the treatment of metastatic disease in PCa
patients, our data suggest that a combined treatment with zoledronic
acid and anti-EGFR agents might induce a more significant
suppression of PCa cell growth.

Our study demonstrated that PCa cells can recruit and activate MSCs
and in turn MSCs can enhance tumor cell proliferation and inhibit
Docetaxel activity. These effects are mediated, at least in part, by
EGEFR activation. The inhibition of the cross-talk between MSCs and
PCa cells by gefitinib, suggests a novel application of the EGFR-
tyrosine kinase inhibitors in the treatment of prostate cancer.
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