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A distinct feature of human prostate cancer (PCa) is the
development of osteoblastic (bone-forming) bone metas-
tases. Metastatic growth in the bone is supported by
factors secreted by PCa cells that activate signaling net-
works in the tumor microenvironment that augment tumor
growth. To better understand these signaling networks
and identify potential targets for therapy of bone metas-
tases, we characterized the secretome of a patient-de-
rived xenograft, MDA-PCa-118b (PCa-118b), generated
from osteoblastic bone lesion. PCa-118b induces osteo-
blastic tumors when implanted either in mouse femurs or
subcutaneously. To study signaling molecules critical to
these unique tumor/microenvironment-mediated events,
we performed mass spectrometry on conditioned media
of isolated PCa-118b tumor cells, and identified 26 secre-
tory proteins, such as TGF-�2, GDF15, FGF3, FGF19,
CXCL1, galectins, and �2-microglobulin, which represent
both novel and previously published secreted proteins.
RT-PCR using human versus mouse-specific primers
showed that TGF�2, GDF15, FGF3, FGF19, and CXCL1
were secreted from PCa-118b cells. TGF�2, GDF15, FGF3,
and FGF19 function as both autocrine and paracrine fac-
tors on tumor cells and stromal cells, that is, endothelial
cells and osteoblasts. In contrast, CXCL1 functions as a
paracrine factor through the CXCR2 receptor expressed
on endothelial cells and osteoblasts. Thus, our study re-
veals a complex PCa bone metastasis secretome with

paracrine and autocrine signaling functions that mediate
cross-talk among multiple cell types within the tumor
microenvironment. Molecular & Cellular Proteomics 14:
10.1074/mcp.M114.039909, 471–483, 2015.

A distinct feature of human prostate cancer (PCa)1 with
lethal potential is the development of metastases in bone with
a bone-forming phenotype (1). This property of PCa bone
metastasis suggests that PCa cells have unique interactions
with cells in the bone microenvironment. Cells that are known
to be present in the bone microenvironment include osteo-
blasts, osteoclasts, adipocytes, fibroblasts, and endothelial
cells. Communication between PCa cells and each of these
cells in the microenvironment is known to promote metastatic
growth. This communication involves metastatic PCa cells
that secrete factors to affect stromal cells in the bone mi-
croenvironment. The tumor-modified stromal cells may further
alter the properties of the PCa cells to allow them to progress
in the bone environment (1). Determining how secretory pro-
teins from the metastatic PCa cells affect the PCa/stromal
communication network will lead to the development of strat-
egies to treat bone metastases.

Although men with PCa and bone metastasis most fre-
quently present with osteoblastic bone lesions, the common-
ly-used PCa cell lines to study metastatic properties, for
example, PC3 and C4–2B, induce osteolytic or mixed osteo-
blastic/osteolytic lesions, respectively, when the cells are im-
planted into mouse femurs or tibia (2). In contrast, the PCa-
118b patient-derived xenograft (PDX), generated from an
osteoblastic bone lesion of a patient with PCa and bone
metastasis, shows phenotypic characteristics similar to the
tumor from which it was derived, including induction of a
strong osteoblastic response when implanted into femurs (3).
Interestingly, PCa-118b cells are also able to induce ectopic
bone formation when implanted subcutaneously (3, 4). The
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capacity of PCa-118b cells to induce bone formation, in which
human tumor cells interact with the murine stromal microen-
vironment, makes this PDX an ideal model system to study
tumor-microenvironment signaling pathways that create a
bone-like tumor microenvironment conducive to metastatic
PCa growth.

In this study, we identified secreted factors from the con-
ditioned medium of isolated PCa-118b cells by mass spec-
trometry. A total of 26 secretory proteins, including cytokines
and growth factors, were identified. Human- and mouse-
specific PCR probes were used to identify the cells that
expressed these factors. Analysis of the receptor for the cor-
responding secreted factor determined whether the factor
exerted activities in a paracrine and/or autocrine manner. The
effects of selected factors on PCa cells or stromal cells,
including osteoblasts and endothelial cells, were also exam-
ined. Our studies showed that PCa-118b cells secreted mul-
tiple factors that establish an autocrine or paracrine signaling
network that can mediate cross-talk among multiple cell types
within the bone microenvironment.

MATERIALS AND METHODS

Materials—Generation of PCa-118b patient-derived xenograft
(PDX) was described previously (3). Fingerprinting of cells isolated
from PCa-118b xenografts showed that their profiles are unique as
expected. MC3T3-E1 (MC4 subline), DU145 cells, and 2H11 endo-
thelial cells were purchased from American Type Culture Collection
(ATCC, Manassas, VA). PC3-mm2 cells were obtained from Dr. I. J.
Fidler, M. D. Anderson Cancer Center. Rat aortic endothelial cells
were described in (5). C4–2B4 PCa cells were obtained from Dr.
Robert Sikes (University of Delaware). Primary mouse osteoblasts
(PMO) were isolated from 2–5 day old newborn mouse calvaria as
described previously (6). Accumax and Anti-Mouse MHC Class I
(H-2Kd/H-2Dd) FITC were from eBioscience. PE-conjugated goat
anti-human EpCAM antibody, rhBMP4, rhTGF�2, rhGDF15, rh-
FGF-2, rhFGF-3, rhFGF-19, and rhCXCL1 (GRO�) were from R&D
Systems (Minneapolis, MN). LDN-193189, SD208, GW788388 were
from AXON Medchem (Reston, VA). Antibodies against pSmad1/5,
pSmad3, Smad1, Smad5, Smad3, pp44/42 MAPK, pp38MAPK,
p44/42MAPK, and p38MAPK were from Cell Signaling Technology
(Beverly, MA).

Tumor Cell Isolation, Conditioned Medium Preparation, and FACS
Analysis—PCa-118b xenografts were generated by implanting frag-
ments (less than 1 mm3) of tumors subcutaneously into SCID mouse.
When the tumors reached 500 mm3, they were dissected, cut into
small pieces, and digested with Accumax. The digested tissue was
filtered through a 100 �m cell strainer and the cells were plated in
tissue culture dishes in CnT-52 medium (CELLnTEC Advanced Cell
System AG). After overnight incubation, the medium was removed
and changed to fresh CnT-52 medium. The conditioned medium was
collected at 48 h.

Fluorescence Activated Cell Sorting—Isolated PCa-118b cells
were incubated with human PE-EPCAM and/or FITC-mouse MHC I
(H-2Kd/H-2Dd) and FACS were done using two-color analysis. The
fluorescence intensity of the cells was measured by a BD FACSCant-
oII flow cytometer (BD Biosciences).

Reverse Transcription and Quantitative PCR Analysis—Total RNAs
were extracted from PCa-118b tumor, isolated PCa-118b cells, PC3-
mm2, LNCaP, or DU145, using Trizol (Invitrogen) and the RNAs were
further purified using RNeasy mini kit (Qiagen, Valencia, CA). RNAs

were treated with RNase-free DNase (Qiagen) to prevent the genomic
DNA contamination. The RNAs were reverse transcribed using Taq-
Man Reverse transcription reagent kit (Applied Biosystems, Foster
City, CA). cDNA (20 ng) was used in real-time RT-PCR with SYBR
Green (Applied Biosystems), using GAPDH as a control. Human- or
mouse-specific PCR primers were used to determine the cell of origin
of the specific secretory proteins and presence of their receptors in
PCa-118b tumor. The sequences of all the PCR primers used are
listed in supplemental Table S1.

Protein Identification by LC-MS/MS—Conditioned medium (10 ml)
from PCa-118b cells or the control culture medium was concentrated
fiftyfold in Centricon-10 (Millipore). In order to identify the maximal
number of proteins, we performed LC-MS/MS on the samples that
were processed in three different approaches, i.e. “in solution diges-
tion,” “in tube-gel digestion,” and “SDS-PAGE-in gel digestion.” In the
“in solution digestion” approach, the concentrated conditioned media
were reduced with a final concentration of 10 mM dithiothreitol at
56 °C for 1 h and subsequently alkylated with a final concentration of
55 mM iodoacetamide at room temperature in the dark for 45 min. The
proteins were then digested with trypsin, with the protein/trypsin ratio
50:1 (w/w), as previously described (7). The tryptic peptides were
separated on a 12 cm � 75 �m I.D. C18 Monitor reversed-phase
column (Column Engineering, Ontario, CA) containing an integrated
�4 �m ESI tip. Peptides were eluted using a gradient starting with
100% solvent A (0.1 M acetic acid in water) to 40% solvent B (0.1 M

acetic acid in acetonitrile) over 50 min, then to 70% B in 10 min (nano
HPLC system, Agilent Technologies, Paolo Alto, CA). Eluted peptides
were introduced into a LTQ Velos Orbitrap mass spectrometer
(Thermo Electron Corporation, San Jose, CA) with a 1.9 kV electro-
spray voltage. Database searching was performed using peak lists
created by msconvert.exe (version 2.2.3300) from the ProteoWizard
package. The data were searched using Mascot Server 2.4.1 against
a concatenated target � decoy UniProt human database (8). While
specifying trypsin cleavage, two missed cleavages were allowed.
Alkylation of cysteine by iodoacetamide was a fixed modification and
oxidation of methionine was a variable modification. Mass tolerance
for matching precursor ions was 7 ppm and 0.5 Da for fragment ions.
The initial threshold Mascot score value for accepting individual spec-
tra was 0.0. Based on unique (nonredundant) peptide spectrum
matches, the score threshold was raised to achieve an estimated
false discovery rate of 1.5%. The UniProt human database was
downloaded on April 3, 2013 and decoy.pl (Matrix Science, Ltd.,
Boston, MA) created sequence-reversed decoys from a concate-
nated file that contained target (UniProt) and common contaminants
sequences. There are 269,574 entries in the database.

In the “in tube-gel digestion” approach, the reduced and alkylated
proteins were mixed with an acrylamide gel mixture and incorporated
into a polyacrylamide gel as described in Cao et al. (7). After poly-
merization, the gel was cut into small pieces, washed sequentially
with 25 mM NH4HCO3, 25 mM NH4HCO3 in 50% (v/v) acetonitrile
(ACN), 100% ACN, and dried in a vacuum centrifuge. The gel pieces
were then digested with 0.5 �g trypsin in 200 �l of 40 mM NH4HCO3

and 10% (v/v) ACN overnight at 37 °C. The peptides were extracted
from the gel and peptide sequences determined as described above.

In the “SDS-PAGE-in gel digestion” approach, the concentrated
conditioned media were separated by SDS-PAGE. The entire lane
that contained the test samples was cut into 24 gel slices, whereas
the lane that contained the corresponding control medium was cut
into eight gel slices (see Fig. 1 in Results section). These gel slices
were digested with trypsin (0.5 �g/slice) and the tryptic peptides from
each gel slice were identified by mass spectrometry as described
above.

SMAD Phosphorylation—2H11 or RAEC cells grown in 6-well plate
in DMEM were serum starved overnight and then were treated with
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either different concentrations of BMP4 (0, 10, and 100 ng/ml), TGF�2
(1, 10 ng/ml), or GDF15 (0.05, 0.2, 1, and 10 ng/ml) overnight, or with
10 ng/ml of BMP4, TGF�2, and GDF15 with or without LDN-193189
(0.1 �M), SD208 (1 �M), or GW788388 (5 �M) for 16 Hrs. For PMO
cells, PMO grown in �MEM medium was starved overnight and then
cells were treated with 10 ng/ml of BMP4, TGF�2, and GDF15 for
16 h. For PCa-118b cells, because the cells isolated from PCa-118b
tumor are a mixture of epithelial and stromal cells, we cultured the
cells in CnT-52 medium, which selectively allows epithelial but not
stromal cells to survive in culture, for 2 days and then treated with
LDN 193189 (0.1 �M), SD208 (1 �M), or GW788388 (5 �M) for 16 h.
After the treatments, cells were harvested, lysed in SDS sample buffer
(62.5 mM Tris-HCl, pH 6.8, 2% SDS, 25% (w/v) glycerol, 0.01%
bromophenol blue, and 5% 2-mercaptoethanol.), resolved by SDS-
PAGE and immunoblotted for p-SMAD1/5 and p-SMAD3 analysis.
The same membrane was blotted with total SMAD1, 3, or 5 and actin
to normalize for level of protein expression. The band intensity was
quantified by Image J.

Effect of FGF3 and FGF19 on PMO Proliferation and Differentia-
tion—PMO grown in six-well plates in Alpha MEM medium containing
10% FBS were treated with and without 10 or 50 ng/ml of FGF2,
FGF3, and FGF19 for 3 days. Cells were counted using a hemocy-
tometer. Alkaline phosphatase activity was used to monitor the effect
of FGF2, FGF3, and FGF19 on PMO differentiation. In brief, cells were
lysed in 0.5% Triton X-100 in Tris-buffered saline and the alkaline
phosphatase activity in the cell extract was measured using p-nitro-
phenyl phosphate disodium salt (PNPP) as substrate (1 mg/ml in 1 M

diethanolamine, pH 9.8), that was provided in the PNPP substrate kit
(Fisher Scientific). The reaction product was measured at 405 nm.

p44/42 and p38 MAPK Phosphorylation—2H11 cells grown in six-
well plate in DMEM medium were starved overnight and then treated
with CXCL1, 10 or 50 ng/ml for 10 min. Cells were harvested in SDS

gel loading buffer and Western blot analyses were performed
for pp44/42 MAPK, pp38 MAPK, p44/42 MAPK, and p38 MAPK
expressions.

Ethics Statement—All experimental procedures involving animals
were approved by UT M D Anderson’s Animal Care and Use Com-
mittee. All the experiments involving human tissue samples were
approved by the UT MD Anderson Cancer Center Institutional Review
Board.

Statistical Analysis—Data are expressed as the mean � S.D. St-
udent’s t test (two-tailed, paired) was used for Statistical analyses. p
values less than 0.05 were considered significant.

RESULTS

PCa-118b Xenograft Induces Ectopic Bone Formation in a
Subcutaneous Site—When PCa-118b was implanted subcu-
taneously into SCID mice, tumor growth was observed after 4
weeks and the PCa-118b tumors exhibited ectopic bone for-
mation (Fig. 1A). The ectopic bone was detected as dense
structures in x-ray images, as either a major focus or multi-
foci, with branches emanating from the central bony structure
(Fig. 1A). These observations lead us to hypothesize that
PCa-118b human tumor cells probably secreted factors that
not only promoted tumor growth but also modulated the
mouse stromal cells in the microenvironment to promote bone
formation, similar to those observed in human osteoblastic
bone metastases.

Culturing of Epithelial Cells from PCa-118b Xenograft In
Vitro—To identify the factors that constitute the PCa-118b

FIG. 1. Isolation of tumor cells from the PCa-118b tumor. A, x-ray of PCa-118b tumors in SCID mice detected the presence of bone within
the PCa-118b tumors. The location of the tumors is outlined by circles. B, Procedure for the isolation of PCa-118b tumor cells from the tumor.
The PCa-118b tumor cells in culture exhibit cuboidal epithelial morphology. C, FACS using antibodies against human EpCAM and mouse H2K
indicated the enrichment of the epithelial cell marker in the isolated tumor cell preparation. D, qRT-PCR for the relative expression of human
versus mouse GAPDH in the PCa-118b tumor versus the purified PCa-118b tumor cell preparation. E, SDS-PAGE analysis of conditioned
medium from the isolated PCa-118 cells. Right panel, gel slices that were used in mass spectrometry analysis.
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secretome, we separated the epithelial PCa-118b cells from
stromal cells in the tumor. PCa-118b can only be maintained
as a xenograft by passaging in SCID mice. Attempts to gen-
erate PCa-118b cell lines that can be passaged in vitro in
culture have not been successful (unpublished observation).
When tumor cells were dissociated from the PCa-118b tumor
by Accumax enzyme digestion and plated onto a culture
plate, cells with epithelial and stromal morphologies were
observed (data not shown). To increase the proportion of
epithelial cells in the tumor cell population, after dissociation
cells were cultured in CnT-52 medium that selectively allows
epithelial but not stromal cells to survive in culture. This
method resulted in an enrichment in epithelial cells as re-
flected in a more cuboidal cell morphology (Fig. 1B). FACS
analysis using anti-human EpCAM and anti-mouse H2K anti-
body was used to distinguish the proportion of human cells
from mouse cells, respectively, in the cultured PCa-118b cell
population. As shown in Fig. 1C, more than 98% of the
isolated cells were positive for the human epithelial cell sur-
face marker EpCAM, whereas only 0.1% of cells were derived
from mouse, as evidenced by the positivity with mouse H2K
cell surface marker. Real-time qRT-PCR using oligonucleotide
probes specific to human versus mouse GAPDH showed that
in the tumor xenograft, 80% of the cells are tumor cells, based
on human-specific GAPDH primers, whereas between 10–
30% of cells are stromal cells, based on mouse-specific
GAPDH primers (Fig. 1D). In contrast, in the isolated epithelial
cells, 98% of the cells are human cells, whereas less than 2%
of cells are derived from the stromal compartment. Together,
these observations indicate that the isolated PCa-118b cells
contain mainly human epithelial cells.

Analysis of PCa-118 Conditioned Medium by Mass Spec-
trometry—The conditioned medium (CM) was collected from
these enriched PCa-118b epithelial cells cultured in CnT-52
medium after 48 h. The PCa-118b-CM and the control CnT-52
medium, which contains bovine pituitary extract, was concen-
trated by Centricon centrifugation, analyzed on SDS-PAGE,
and stained by Coomassie blue. As shown in Fig. 1E, in
addition to bands observed in the CnT-52 medium, additional
protein bands were detected in the PCa-118b-CM (left panel).
To maximize protein identification, proteins in PCa-118b-CM
were subjected to different protein digestion strategies, in-
cluding “in solution digestion,” “in tube-gel digestion” (7), and
“SDS-PAGE-in gel digestion.” The results from the “in solu-
tion digestion” approach are shown in supplemental Table S2
(control, Ctr_30) and supplemental Table S3 (sample
118b_10). The results from “in tube-gel digestion” are shown
in supplemental Table S4 (Ctr) and supplemental Table S5
(sample 118b). In the “SDS-PAGE-in gel digestion” method,
proteins were separated in SDS-PAGE followed by cutting the
proteins bands for in gel trypsinization (Fig. 1E, right panel).
There are differences in the SDS-PAGE protein profiles be-
tween the control media and the conditioned media (Fig. 1E,
left panel). Protein bands in the control media are mainly from

the components of the pituitary extract supplements in the
CnT-52 medium. Some components in the pituitary extract
are likely consumed by the tumor cells during the 2-day
culturing, resulting in differences in their intensity compared
with control media. A total of 32 gel slices from control
CnT-52 medium and PCa-118b-CM were subjected to mass
spectrometry analyses. The results from “SDS-PAGE-in gel
digestion” are shown in supplemental Table S6.

We focused our analysis only on the secretory proteins that
are differentially detected in the PCa-118b-CM compared
with CnT52 medium. A total of 26 secretory proteins were
identified in the PCa-118b-CM from the combination of three
mass spectrometry analyses (Table I). Of these, 21 were iden-
tified from the “in solution digestion” and 19 from the “in
tube-gel digestion” approach, with 14 proteins in common
from both analyses. The “SDS-PAGE-in gel digestion” yielded
only nine out of the 26 secretory proteins, likely because of
the limited amount of total proteins that were loaded onto the
SDS-PAGE. All of those proteins identified from “SDS-
PAGE-in gel digestion” were also found by the other two
approaches. The peptide sequences of the 26 secretory pro-
teins identified by mass spectrometry are listed in supplemen-
tal Table S7. For single peptide identifications, annotated
spectra are shown as supplemental Figs. S1–S8.

Based on their biological activities, the secretory proteins
were divided into nine groups, including IGF, TGF�, FGF
family proteins, other growth factors, cytokines, galectins,
neuronal related proteins, protease inhibitors, and miscella-
neous (Table I). We have previously used cytokine arrays to
characterize the cytokines in the PCa-118b-CM (4), and some
of the cytokines identified by cytokine arrays are also found
by mass spectrometry. Three proteins, that is, CXCL1, MIF,
and TIMP2, were detected by both mass spectrometry and
cytokine antibody array. As mass spectrometry is not as
sensitive as antibody array, these results suggest that
CXCL1, MIF, and TIMP2 are present at higher abundance
than the other cytokines in the PCa-118b-CM. On the other
hand, BMP-4 was detected in the cytokine array but not by
mass spectrometry. Together, the combined data provide a
more complete list of secretory factors found in the PCa-
118b secretome.

Expression of TGF� and GDF Family Genes in PCa-118b
Tumor Cells—We first examined the TGF� family proteins as
they have been shown to have pleiotropic effects on multiple
cell types. To distinguish whether TGF�2 is expressed from
PCa-118b tumor cells or tumor-associated stromal cells, oli-
gonucleotides specific for human or mouse TGF� family pro-
teins were used in qRT-PCR of mRNA from PCa-118b tumor
or isolated PCa-118b epithelial cells. Only human-specific
oligonucleotides produced strong signals in isolated PCa-
118b epithelial cells (Fig. 2A), indicating that TGF�2 is mainly
secreted from PCa-118b tumor cells. The TGF� family con-
tains three TGF� isoforms. Consistent with the mass spec-
trometry data (Table I), qRT-PCR showed that only TGF�2 is
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highly expressed, whereas messages for TGF�1 and TGF�3
were low to nondetectable in PCa-118b cells (Fig. 2B).
These observations suggest that TGF�2 is the major TGF�

family protein expressed in PCa-118b cells. Our results are
similar to those observed by Dallas et al. (9), which showed
that TGF�2 is the major TGF� isoform produced by prostate
cancer.

GDF15 (also known as MIC-1) is one of the GDF family
proteins, and a member of the TGF� super family. Detection
of GDF15 by mass spectrometry suggests that GDF15 is likely
expressed in relatively high abundance. To examine whether
the GDF15 detected in the PCa-118b-CM is from tumor cells
or stromal cells, we used human and mouse-specific primers
for GDF15 mRNA analysis. Human GDF primers detected
high levels of GDF15 in the mRNA from enriched PCa-118b
cells, but much less in RNA prepared from PCa-118b tumor
(Fig. 2C). These results suggest that GDF15 is expressed
mainly by the PCa-118b tumor cells. To distinguish which
members of the GDF family are being expressed, we em-

ployed a GDF primer array (TaqMan Array human TGFB path-
way) representing eight GDF family genes for qRT-PCR. This
analysis detected GDF11 in addition to GDF15 in PCa-118b
cells, with less GDF11 transcripts relative to those of GDF15
(Fig. 2D). The low levels of GDF11 transcripts may explain, in
part, why we did not detect GDF11 protein in the mass spec-
trometry analysis. These observations indicate that GDF15 is
the major GDF family protein expressed in PCa-118b tumor
cells.

Expression of TGF� Receptors in PCa-118b and Other PCa
Cell Lines—Next, we examined whether TGF�2 and GDF15
secreted from PCa-118b cells function as autocrine or para-
crine factors in the PCa-118b tumor. Because secretory pro-
teins function through cell surface receptors, we examined
the expression of TGF� receptors in PCa-118b epithelial and
stromal cells. The receptors for TGF� family proteins include
TGF�R1, TGF�R2, and TGF�R3. However, the receptors for
GDF family proteins are unknown. Analysis of TGF� receptors
using TaqMan PCR array showed that PCa-118b cells ex-

TABLE I
Secretory factors identified by mass spectrometry

Category Accession
number Protein name Peptide# Protein

score
% Seq.
cover Method Peptide

#
Protein
score

% Seq.
cover Method

IGF family
Q9NP10 IGF1 1 35.99 16.5 In solution
Q6UW32 IGFL1 1 35.87 9.1 In solution
Q6ZSD0 IGFBP3 1 34.82 5.6 In solution
Q8WX77 IGFBPL1 1 35.85 4.3 In solution

TGF� family
P61812 TGF�2a 1 31.02 4.6 In solution 1 85.47 3.9 Intube-gel
Q99988 GDF15a 6 162.49 26.6 In solution 11 375.04 44.8 Intube-gel

FGF family
P11487 FGF3 1 63.74 4.2 In solution
O95750 FGF19 1 25.17 7.4 In solution
Q14512 FGFBP1a 5 238.69 16.2 In solution 5 204.3 28.2 Intube-gel

Other growth factors
P36955 PEDFa 2 108.46 9.1 In solution 4 208.54 14.8 Intube-gel
P61916 epididymal secretory protein E1 1 58.66 9.2 In solution 2 89.46 12.5 Intube-gel

Cytokines
P09341 CXCL1 1 25.9 11.2 intube-gel
P21741 midkine 3 130.84 32.7 In solution 7 245.84 33.3 Intube-gel
P14174 MIFa 1 64.14 7.8 In solution 2 92.9 11.3 Intube-gel

Galectin
P09382 Galectin-1 1 44.07 7.4 In solution 2 71.3 13.3 Intube-gel
P17931 Galectin-3a 7 255.85 34.8 In solution 8 179.9 28 Intube-gel
Q08380 Galectin-3-binding proteina 5 200.5 7.9 Intube-gel

Neuronal
P10645 Chromogranin A 2 72.94 8.5 Intube-gel
P55145 mesencephalic astrocyte-derived

neurotrophic factor
2 83.7 16.8 Intube-gel

Protease inhibitors
Q6FGX5 TIMP1a 1 45.34 6.7 In solution 1 35.02 30 Intube-gel
P16035 TIMP2 1 47.21 3.6 In solution 6 166.88 25.5 Intube-gel

Miscellaneous
P61769 �2-microglobulina 2 60.93 23.8 In solution 3 68.62 18.9 Intube-gel
B7Z351 Osteopontin 1 47.99 13.5 In solution 2 98.94 10.3 Intube-gel
Q6X4U4 SOSTDC1 1 60.38 5.3 In solution
Q9H3U7 SMOC2 1 35.42 1.8 Intube-gel
O94907 DKK1 4 191.01 15.8 In solution 2 109.96 10.2 Intube-gel

a Proteins also identified by SDS-PAGE-in gel digestion.
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pressed transcripts for all three TGF� receptors (data not
shown). We further used qRT-PCR to examine the expres-
sion of TGF�R1, TGF�R2, and TGF�R3 on RNAs prepared
from PCa-118b tumor cells as well as C4–2B4, DU145, and
PC3-mm2 PCa cell lines. As shown in Fig. 2E, PCa-118b

expressed RNA transcripts for all three TGF� receptors,
suggesting that TGF�2 can function as an autocrine factor
in PCa-118b cells through its TGF� receptors. The expres-
sion of TGF� receptors in other PCa cells was used as
comparison.

To examine whether TGF�2 functions as an autocrine factor
in PCa-118b cells, we treated isolated PCa-118b cells with
TGF� receptor 1 inhibitors, SD208 (10–12) or GW788388 (13,
14), or BMP type 1 receptors ALK2 and ALK3 inhibitor, LDN-
193189 (3, 15, 16), and examined their effects on TGF�2
signaling via Smad3 phosphorylation. As shown in Fig. 2F,
there were significant reductions (about 60%) in the level of
Smad3 phosphorylation by SD208 or GW788388. Interest-
ingly, LDN-193189 also led to a small but significant decrease
(about 25%) of Smad3 phosphorylation (Fig. 2F). These ob-
servations indicate that TGF�2 functions as an autocrine fac-
tor in PCa-118b cells.

Effect of TGF�2, GDF15, and BMP4 on Endothelial Cells—
Next, we examined whether TGF�2 and GDF15 function as
paracrine factors on stromal cells present in the tumor mi-
croenvironment. Endothelial cells in the tumor stroma play a
critical role in tumor angiogenesis. Two endothelial cell lines,
including the mouse 2H11 cell line and the rat aortic endo-
thelial (RAEC) cell line, were treated with TGF�2 or GDF15 and
cellular response via Smad3 phosphorylation was examined.
As shown in Fig. 3A (left panels), treatment of 2H11 or RAEC
cells with 10 ng/ml TGF�2 stimulated Smad3 phosphoryla-
tion, and this effect was inhibited by SD208 (10–12) and
GW788388 (13, 14), but not by LDN-193189 (3, 15, 16), indi-
cating that TGF�2 increases Smad3 phosphorylation through
the TGF�R1 receptor. As expected, BMP4 did not stimulate
Smad3 phosphorylation in 2H11 or RAEC cells (Fig. 3A). In
contrast, no effect of GDF15 on SMAD3 phosphorylation was
observed in either 2H11 or RAEC cells (data not shown). As
the receptor and signaling pathways are not clear for GDF15,
we further examined the effect of GDF15 on SMAD1/5 phos-
phorylation in 2H11 or RAEC cells. BMP4, which is known to
stimulate SMAD1/5 phosphorylation, was used as a control.
As shown in Fig. 3A (right panels), treatment of 2H11 or RAEC
cells with various doses of GDF15 did not show a significant
effect on SMAD1/5 phosphorylation. In contrast, BMP4 in-
duces strong Smad1/5 phosphorylation in these cells and
TGF�2 stimulates SMAD1/5 phosphorylation in a dose-de-
pendent manner in rat aortic endothelial cells. These results
indicate that TGF�2 functions as a paracrine factor on endo-
thelial cells, but the effect of GDF15 on endothelial cells is not
clear.

Effect of TGF�2 and GDF15 on Osteoblasts—We further
examined whether TGF�2 and GDF15 can function as para-
crine factors on osteoblasts present in the PCa-118b tumor
microenvironment. Primary mouse osteoblasts isolated from
newborn mouse calvaria were treated with or without 10
ng/ml TGF�2 or GDF15 and their effects on SMAD3 or
SMAD1/5 phosphorylation were measured. Treatment with

FIG. 2. TGF�2 and GDF15 are expressed from tumor cells and
function as autocrine factors. A, qRT-PCR for the expression of
TGF-�2 in PCa-118b tumor and isolated PCa-118b cells using hu-
man- and mouse-specific primers showed that TGF-�2 is mainly
expressed from PCa-118b cells. B, qRT-PCR for the expression of
TGF-�1, �2, and �3 in isolated PCa-118b cells using human-specific
primers showed that PCa-118b cells only expressed TGF�2. C, qRT-
PCR for the expression of GDF15 in PCa-118b tumor and isolated
PCa-118b cells using human and mouse-specific primers showed
that GDF15 is expressed from PCa-118b cells. D, qRT-PCR for the
expression of GDF family genes detected only GDF15 and GDF11
messages in isolated PCa-118b cells. E, Expression of TGF-� recep-
tors in isolated PCa-118b cells and C4–2B4, DU145, and PC3-mm2
PCa cell lines. F, Inhibition of Smad3 phosphorylation by LDN193189,
an inhibitor of BMP type 1 receptors, and by TGF� receptor inhibitors
SD208 and GW788388 (left panel). The averages of pSMAD3 to total
SMAD3 ratio from two experiments are shown (right panel). *, p �
0.05
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BMP4 was used as a control. As shown in Fig. 3B (upper
panel), TGF�2 induced SMAD3 phosphorylation in primary
osteoblasts, whereas GDF15 did not. In contrast, TGF�2 did
not affect SMAD1/5 phosphorylation, whereas GDF15 showed
a slight, but detectable, increase in SMAD1/5 phosphorylation
relative to controls in osteoblasts (Fig. 3B, lower panel). BMP4
treatment led to SMAD1/5 but not SMAD3 phosphorylation as
expected. Together, these studies showed that TGF�2 exhibits
both autocrine and paracrine signalings on both tumor cells and
stromal cells, whereas GDF15 may have paracrine signaling on
osteoblasts (Fig. 3C). Wakchoure et al. (17) reported that
GDF15/MIC-1 has a slight stimulatory effect on the early steps
of osteoblast differentiation. It is possible that GDF15/MIC-1
signals through SMAD1/5 to stimulate osteoblast differentiation.

FGF3 and FGF19 Function as both Autocrine and Paracrine
Factors—We next examined the FGF signaling axis. Among the
22 FGF family growth factors, FGF3 and FGF19 were the two
members identified in the PCa118b-CM by mass spectrometry
(Table I). FGF1–10, 16–18, 20, and 22 are classical FGFs,
whereas FGF19, 21, and 23 are considered endocrine FGFs
(18). Thus, PCa-118b expresses both classical and endo-
crine FGFs. qRT-PCR of RNA from PCa-118b detected the
messages for FGF 3 and 19 (Fig. 4A), confirming the results
from mass spectrometry analysis. qRT-PCR also detected
the message for FGF9, which has been reported previ-
ously (3).

To determine whether FGFs function as an autocrine factor
on PCa cells or paracrine factor on stromal cells, we exam-

FIG. 3. TGF�2 and GDF15 exert paracrine effects by stimulating SMAD phosphorylation in endothelial cells and osteoblasts. A, Left
panel, TGF�2 stimulates SMAD3 phosphorylation in 2H11 endothelial cells and rat aortic endothelial cells. The signaling is inhibited by SD208
and GW788388, two TGF� receptor 1 inhibitors, but not by LDN193189, an inhibitor of BMP type 1 receptors ALK2 and ALK3. Right panel,
TGF�2 stimulates SMAD1/5 phosphorylation in a dose-dependent manner in rat aortic endothelial cells, but not in 2H11 cells. GDF15 did not
affect SMAD1/5 phosphorylation in both 2H11 and rat aortic endothelial cells. B, TGF�2 stimulates SMAD3, but not SMAD1/5, phosphorylation
in osteoblasts. GDF15 stimulates SMAD1/5, but not SMAD3, phosphorylation in osteoblasts. C, Role of TGF�2 and GDF15 in PCa-118b tumor.
Based on receptor expression and SMAD signaling, TGF�2 functions as an autocrine as well as a paracrine factor in PCa-118b tumor. GDF15
can function as a paracrine factor on osteoblasts. Whether GDF15 can function as an autocrine factor is as yet unclear.
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ined the expression of FGF receptors in PCa cells and several
stromal cell lines by qRT-PCR. There are four major FGF
receptors, FGFR1 to FGFR4, which mediate classic FGF func-
tions. The endocrine FGF19, on the other hand, requires
�-Klotho and �-Klotho in addition to FGF receptors for their
biological activity (18). To identify the cell type that expresses
the receptors for FGF3, qRT-PCR using primers specific to
human or mouse FGF receptors was performed. We found
that FGFR1, but not FGFR2–4, is mainly expressed in
PCa118b tumor cells (Fig. 4B). Previous studies by Yang et al.
(19) have shown that FGFR1 is essential for PCa progression
and metastasis in a mouse model of PCa. Thus, FGF3 likely
regulates PCa-118b cell activity through FGFR1. In the stro-
mal cells, mouse FGFR-specific primers detected FGFR1 as
the dominant FGFR receptor in 2H11 endothelial cells (Fig.
4C), whereas FGFR2 is the major FGFR in primary osteoblasts
(Fig. 4D). These results indicate that FGF3 secreted from

PCa-118b cells likely mediates both autocrine and paracrine
signaling activities on tumor cells and stromal cells.

Because FGF19 is an endocrine FGF and requires Klotho
co-receptors for its function, qRT-PCR using primers specific
to human or mouse �-Klotho and �-Klotho were performed to
identify cells that may respond to FGF19. As shown in Fig. 4E,
PCa-118b cells expressed mainly �-Klotho (KL), whereas
mouse endothelial cells and osteoblasts expressed mainly
�-Klotho (KLB). These results suggest that FGF19 may have
effects on both PCa-118b cells and stromal cells. FGF family
proteins were previously shown to stimulate the phosphory-
lation of p44/42 MAPK (20). To examine whether FGF3 and
FGF19 have an effect on osteoblasts, primary mouse osteo-
blasts were treated with 10 ng/ml of FGF2, FGF3, or FGF19.
As shown in Fig. 4F, FGF2 or FGF3 treatments led to an
increase in the phosphorylation of p44/42 MAPK. FGF19, at
a higher concentration (50 ng/ml), also stimulated p44/42

FIG. 4. FGF3 and FGF19 function as both autocrine and paracrine factors in PCa-118b tumor. A, qRT-PCR for the expression of human
FGF family genes detected FGF3, 9, and 19 messages in isolated PCa-118b cells. B, qRT-PCR for the expression of FGF receptors in
PCa-118b cells showed that PCa-118b cells mainly expressed FGFR1. C, qRT-PCR using mouse-specific primers for the expression of FGF
receptors in 2H11 endothelial cells showed that 2H11 cells expressed FGFR1. D, qRT-PCR using mouse-specific primers detected FGFR1 and
FGFR2 in mouse osteoblasts. E, qRT-PCR for the expression of human KL and KLB in PCa-118b cells, mouse KL and KLB in 2H11 endothelial
cells, and mouse KL and KLB in PMO. F, Effects of FGF3 and FGF19 on p44/42 and p38 phosphorylation. G, Stimulation of osteoblast
proliferation by FGF3 and FGF19, as measured by increases in cell numbers over 3 days. *, p � 0.05. H, Effects of FGF2, FGF3, and FGF19
on osteoblast differentiation, as measured by alkaline phosphatase activity over 3 days. *, p � 0.05. I, FGF3 and FGF19 function as both
autocrine and paracrine factors based on receptor expression and their effects on osteoblasts.
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MAPK phosphorylation (Fig. 4F). In contrast, FGF2, 3, or 19
did not have a significant effect on p38 MAPK phosphoryla-
tion in mouse osteoblasts (Fig. 4F).

The functional roles of FGF19 in PCa cells have recently
been reported (21). However, the roles of FGF3 and FGF19 on
osteoblasts are not known. FGF2 and FGF9 have previously
been shown to stimulate osteoblast proliferation (3, 4, 22).
Thus, the effects of FGF3 and FGF19 on osteoblast prolifer-
ation were examined. FGF2 was used as a positive control.
We found that FGF3 and FGF19 both stimulated osteoblast
proliferation (Fig. 4G), albeit with weaker activity when com-
pared with FGF2. FGF2 is known to increase osteoblast pro-
liferation accompanied with inhibition of osteoblast differen-
tiation, as reflected in a decrease in alkaline phosphatase
activity (Fig. 4H). Similarly, both FGF3 and FGF19 decrease
alkaline phosphatase activity (Fig 4H), but with much weaker
activity when compared with FGF2. Together, these findings
suggest that FGF3 and FGF19 secreted from PCa-118b cells

exert both autocrine and paracrine effects on tumor cells and
stromal cells (Fig. 4I).

CXCL1 Functions as a Paracrine Factor—CXCL1 was de-
tected in PCa-118b conditioned medium by mass spectrom-
etry (Table I) as well as by cytokine array (4). Quantitative
RT-PCR using oligonucleotide probes specific to human or
mouse CXCL1 showed that CXCL1 is secreted from PCa-
118b cells as only human-specific primers, but not mouse-
specific primers, detected the CXCL1 message in PCa-118b
cells (Fig. 5A). Interestingly, among several PCa cell lines,
PCa-118b expressed the highest levels of CXCL1 compared
with PC3-mm2 and DU145 cells (Fig. 5A).

To determine whether CXCL1 functions as an autocrine
factor on PCa cells or paracrine factor on stromal cells, we
next examined the expression of the CXCL1 receptor,
CXCR2, in PCa cells and several stromal cell lines by qRT-
PCR. In contrast to the ligand CXCL1, qRT-PCR using hu-
man-specific CXCR2 primers did not detect the CXCR2 mes-

FIG. 5. CXCL1 secreted from PCa-118b cells functions as a paracrine factor on osteoblasts and endothelial cells. A, CXCL1 is
expressed from PCa-118b tumor cells as well as DU145 cells. B, CXCR2, the CXCL1 receptor, is expressed in PMO and 2H11 endothelial cells,
but not in human PCa cells. C, CXCL1 induces p44/42 but not p38MAPK phosphorylation in 2H11 endothelial cells. D, CXCL1 induces p44/42
but not p38MAPK phosphorylation in osteoblasts. E, CXCL1 functions as a paracrine factor based on receptor expression and p44/42
phosphorylation.
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sage in PCa-118b, PC3-mm2, DU145 and C4–2B4 cells (Fig.
5B). On the other hand, qRT-PCR using mouse-specific prim-
ers for CXCR2 showed that CXCR2 is expressed in primary
mouse osteoblasts and immortalized mouse endothelial cells
2H11 (Fig. 5B). Because CXCL1 is secreted from tumor cells
while its receptor CXCR2 is mainly present in stromal cells,
these observations suggest that CXCL1 likely functions as a
paracrine factor on tumor-associated stromal cells. Treatment
of mouse endothelial cells 2H11 with CXCL1 showed a dose-
dependent increase in the phosphorylation of p44/42 MAPK,
but not p38 MAPK (Fig. 5C), suggesting that CXCL1 may play
a role in tumor angiogenesis. This is consistent with a previ-
ous report by Moore et al. (23) that showed that CXCL1 played
a role in mediating tumorigenicity of DU145 PCa cells through
an induction of angiogenesis.

To examine whether CXCL1 has an effect on osteoblasts,
primary mouse osteoblasts were treated with CXCL1. As
shown in Fig. 5D, CXCL1 stimulated p42/44MAPK phos-
phorylation at either 1 or 10 ng/ml for 5 or 10 min in mouse
osteoblasts. In contrast, CXCL1 did not have an effect on p38
phosphorylation in osteoblasts (Fig. 5D). These observations
suggest that CXCL1 may elicit paracrine functions on osteo-
blasts. Previously studies have shown that CXCL1 enhanced
osteoblast differentiation, but not proliferation (4). Together,
based on receptor expression and cellular signaling, we es-
tablish that CXCL1 serves as a paracrine factor to modulate
osteoblast and endothelial cell activity (Fig. 5E).

DISCUSSION

We have identified 26 secretory proteins in the secretome
of the osteogenic PCa-118b tumor and examined five of these
proteins for their expression, signal transduction, and function
on multiple cell types within the tumor microenvironment. Our
study demonstrated that the cross-talk between PCa cells
and their microenvironment can be mediated via some of
these secreted factors. We showed that FGF3, FGF19, and
TGF�2 exert both autocrine and paracrine effects on tumor
cells and stromal cells, whereas GDF15 and CXCL1 have
mainly paracrine effects on stromal cells. Thus, our secretome
analysis reveals paracrine and autocrine networks involving
multiple cell types present in the PCa-118b tumor microenvi-
ronment. Characterization of factors secreted from the tumor-
associated stromal cells should provide information on how
the stromal cells in turn influence the growth and survival of
PCa cells. Based on the results from this study, we proposed
a model for the multi-factor and multi-cell type tumor-mi-
croenvironment signaling networks in the PCa-118b tumor
(Fig. 6). We envisage that human PCa-118b cells secrete
multiple factors to modulate the activities of various stromal
cells in bone, including endothelial cells, osteoblasts, and
fibroblasts. Stromal cells in turn may secrete factors, which
are yet to be identified, to further modulate the human PCa
tumor cells. These observations may explain why single mo-
dality treatments in the clinical setting frequently produce

modest effects in the control of disease progression in bone
and suggest that therapy strategies that tackle both tumor
cells and relevant stromal cells will be critical in achieving
therapeutic effect.

A distinct feature of human PCa bone metastasis is a strong
bone-forming phenotype and there is evidence that PCa-
induced bone formation supports PCa progression in bone
marrow (3, 4). Thus, there is a strong interest in identifying
factors secreted by PCa cells that mediate the osteoblastic
response. Our previous study has shown that PCa-118b se-
cretes FGF9, which is involved in ectopic bone formation (3).
In this study, we further showed that the PCa-118b cells also
secretes FGF3 and endocrine FGF19 and both factors can
stimulate osteoblast proliferation, although with a much
weaker potency when compared with FGF2. Together, PCa-
118b secretes multiple FGF family proteins that stimulate
osteoblast proliferation. In addition to proliferation, an in-
crease in osteoblast differentiation, a critical process leading
to bone matrix secretion and mineralization, is also essential
for bone formation. Using a cytokine array, we have previously
shown that PCa-118b secretes BMP4, one of the most potent
osteoblast differentiation factors (4). Together, the expression
of FGF3, 9, 19, and BMP4 likely contribute to the strong
osteoblastic phenotype observed in the PCa-118b tumors.
Previous studies using inhibitors that block BMP signaling (4)
or neutralizing antibody against FGF9 (3) have resulted in a
reduction in osteogenesis in PCa-118b tumor. It is likely that
targeting multiple FGF ligands and BMP4 activity are needed
to inhibit PCa-118b tumor induced osteogenesis.

In addition to osteogenesis, the FGF/FGFR axis has been
shown to play an important role in PCa initiation and progres-
sion. All four FGF receptors are expressed in human PCa (20).
Yang et al. (19) showed that FGFR1 is essential for PCa
progression and metastasis in a mouse model of PCa. Con-

FIG. 6. Model for the multi-factor and multi-cell type tumor-
microenvironment signaling networks in PCa-118b tumor. We
propose that human PCa-118b cells, which elicit strong osteoblastic
foci formation in bone, secrete multiple factors to modulate the ac-
tivities of stromal cells in the bone microenvironment, including en-
dothelial cells, osteoblasts, and fibroblasts. Stromal cells in turn may
secrete factors, which are yet to be identified, to further modulate the
human PCa tumor cells.

Secreted Factors of an Osteogenic Prostate Cancer Xenograft

480 Molecular & Cellular Proteomics 14.3



sistently, we found that PCa-118b mainly expresses FGFR1.
Interestingly, we found that PCa-118b expresses the endo-
crine FGF19 and the �-Klotho (KL) co-receptor. As Feng et al.
(21) showed that FGF19 promotes the growth, invasion, ad-
hesion, and colony formation of PCa cells in vitro, we suggest
that FGF19 plays an autocrine role in enhancing the tumori-
genicity of PCa-118b cells. We also showed that the 2H11
endothelial cells and primary mouse osteoblasts express the
�-Klotho (KLB) co-receptor, and addition of exogenous
FGF19 to primary mouse osteoblasts increases osteoblast
proliferation. Our observations raise the possibility that endo-
crine FGF19 exerts not only autocrine effects on tumor cells
but also paracrine effects on the tumor microenvironment.
Collectively, these results suggest that the FGF19/FGFR sig-
naling axis plays an important role in epithelial-stromal inter-
actions in PCa bone metastasis.

TGF� family proteins are known to have pleotropic effects
on multiple cell types. We found that the PCa-118b tumor
secretes high levels of TGF�2, which are able to activate
TGF� signaling pathways in endothelial cells and osteoblasts.
Recent work of Carstens et al. (24) showed that the invasive
prostate tumor was associated with the stroma that exhibited
increased TGF-� signaling. In addition, they showed that el-
evated stromal TGF-� signaling, as reflected in Smad2� nu-
clei, was associated with higher Gleason scores in human
biopsies (24). Because TGF� is one of the factors that can
drive epithelial cells toward mesenchymal phenotype, we
suggest that TGF�2 secreted from PCa-118b cells functions
as an autocrine factor that leads to epithelial-to-mesenchymal
transition of tumor cells as well as a paracrine factor to mod-
ulate the properties of tumor-associated stromal cells includ-
ing fibroblast, endothelial cells, and osteoblasts. Together,
these activities contribute to the metastatic potential of PCa
cells.

GDF15 is one of the TGF� family proteins up-regulated
during PCa progression and its expression has been corre-
lated with bone metastasis (25). Although a significant in-
crease in the serum levels of GDF15 has been observed in
many cancer types, the role of GDF15 in cancer has been
controversial (26, 27). In PCa, Senapati et al. (28) reported that
overexpression of GDF15 induces metastasis of PC3 human
PCa cells. In the TRAMP mouse model, Husaini et al. (29)
reported that TRAMP mice with increased expression of
GDF15 showed increased metastases, although the tumors
exhibited a slower growth rate. In normal skeletal develop-
ment, recombinant GDF15 has been shown to induce carti-
lage formation and promote early stage of endochondral bone
formation (30). Wakchoure et al. (17) also showed that GDF15/
MIC-1 has a slight stimulatory effect on the early steps of
osteoblast differentiation. Consistently, we found that GDF15
treatment led to a small increase in SMAD1/5 phosphorylation
in primary mouse osteoblasts. Together, these observations
suggest that GDF15 may have effects on the metastatic and
the osteogenic potential of PCa-118b cells.

CXCL1 has been known to promote prostate tumor growth
through the stimulation of tumor angiogenesis (23). In this
study, we also showed that CXCL1 stimulates Erk1/2 phos-
phorylation in osteoblasts, suggesting a role in osteoblast
proliferation and/or differentiation. Our observations are con-
sistent with the studies by Bischoff et al. (31), which showed
that mCXCR(�/�) mice have decreased amounts of trabec-
ular and cortical long bone, suggesting that CXCR2 plays a
role in maintaining normal bone homeostasis. Previous stud-
ies have shown that the CXCL1/CXCR2 axis plays a major role
in neutrophil function, and that CXCR2 is the major mediator
of neutrophil migration to sites of inflammation (32). CXCL1
has also been shown to increase tumor growth by increasing
pancreatic stromal fibroblast to express connective tissue
growth factor (33). Together, CXCL1 may contribute to met-
astatic PCa progression in bone by affecting both tumor
angiogenesis and the interactions between PCa cells and
multiple cell types present in the bone microenvironment.

Although the secretome of the isolated human epithelial
cells from patient-derived xenograft as described here pro-
vides important insights into the cross-talk between PCa cells
and their microenvironment, the epithelial cells from a patient-
derived xenograft may differ from those in human tumors.
Therefore, in the future, it would be important to identify the
secretome from freshly sorted human epithelial cells or after
co-culturing them with murine stromal cells.

In our study, we used three approaches in sample prepa-
ration, that is, in-solution digestion, in tube-gel digestion, and
SDS-PAGE-in gel digestion, for identifying proteins in PCa-
118b conditioned medium by mass spectrometry. Our results
showed that “in tube-gel digestion” generated the most pep-
tides, whereas the “SDS-PAGE in gel digestion” generated
the least peptides from mass spectrometry analysis. A total of
501 and 748 proteins were identified from “in-solution diges-
tion” and “in tube-gel digestion,” respectively. Among the 26
secretory proteins, 14 were found in both “in-solution diges-
tion” and “in tube-gel digestion” approaches (Table I). Seven
of them were only found in “in solution digestion” and five
were only found “in tube-gel digestion” (Table I). In “SDS-
PAGE-in gel digestion” approach, only nine of the 26 secre-
tory proteins were found (Table I). The possible explanation is
that highly glycosylated proteins and proteins with hydropho-
bic domains may negatively influence trypsin digestion, re-
sulting in their limited detection by subsequent mass spec-
trometric analysis (34). The “in tube-gel digestion” method
was shown to increase the detection of hydrophobic proteins
and proteins with a high degree of post-translational modifi-
cation (7, 35, 36). The “SDS-PAGE-in gel digestion” method is
limited by the amount of proteins that are loaded onto the gel.
The low number of peptides identified by this method may be
caused by detection sensitivity.

In conclusion, metastatic PCa cells are in close communi-
cation with their microenvironment that may support PCa
cells’ progression in the distant metastatic site. The identifi-
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cation of PCa-118b secreted factors within the secretome
allows us to begin to dissect the contribution of each factor on
PCa-118b tumorigenesis. Understanding the unique commu-
nication networks between PCa cells and the various compo-
nents of the tumor microenvironment will allow us to design
novel therapeutic strategies that target both the tumor cells
and their interactions within the tumor microenvironment in
bone.
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