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Abstract

Background—Approximately 90% of patients who die of Prostate Cancer (PCa) have bone
metastases, which promote a spectrum of osteoblastic, osteolytic or mixed bone responses.
Numerous secreted proteins have been reported to promote osteoblastic or osteolytic bone
responses. We determined whether previously identified and/or novel proteins were associated
with the osteoblastic or osteolytic response in clinical specimens of PCa bone metastases.

Methods—Gene expression was analyzed on 14 PCa metastases from 11 patients by microarray
profiling and qRT-PCR, and protein expression was analyzed on 33 PCa metastases from 30
patients by immunohistochemistry on highly osteoblastic and highly osteolytic bone specimens.

Results—Transcript and protein levels of BMP-2, BMP-7, DKK-1, ET-1 and Sclerostin were not
significantly different between osteoblastic and osteolytic metastases. However, levels of OPG,
PGK1 and Substance P proteins were increased in osteoblastic samples. In addition, Emul,
MMP-12 and sFRP-1 were proteins identified with a novel role of being associated with either the
osteoblastic or osteolytic bone response.

Conclusions—This is the first detailed analysis of bone remodeling proteins in human
specimens of PCa bone metastases. Three proteins not previously shown to be involved may have
arole in the PCa bone response. Furthermore, our data suggests that the relative expression of
numerous, rather than a single, bone remodeling proteins determine the bone response in PCa
bone metastases.
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Introduction

Approximately 90% of patients that die of prostate cancer (PCa) have bone metastases [1-
5]. Tumor cells disseminate to the bone, which may progress to clinically relevant
metastases that promote bone formation and/or resorption. This alteration in bone
remodeling is thought to be due to aberrant cell-cell interactions between the metastatic
tumor cells and the bone microenvironment. The complexity of the bone response in PCa is
underscored by the variety of soluble factors, signaling pathways and transcriptional
regulators involved. The abnormal bone response is further promoted by the osteomimic
potential of the tumor cells signaling in a paracrine fashion within the bone environment,
and an autocrine signaling cascade of the bone cells themselves [4, 6-8]. These interactions
between the PCa cells and bone cells often yield a predominantly osteoblastic response.
However, the formation of osteoblastic bone is also often associated with an osteolytic
component, leading to a mixed, woven bone response in the same patient at different
metastatic sites [2, 9, 10]. The alterations of normal bone equilibrium by metastatic PCa
leads to the destruction of bone marrow, spinal cord compression, severe bone pain,
cachexia and even death [6, 9]. Therefore, the identification of soluble factors responsible
for the new bone formation in response to PCa is critical to increase our understanding of
the biology of bone metastases and to successfully treat the morbidity associated with PCa.

While chemotherapeutic strategies show promise, there is no effective treatment for
castration resistant PCa that substantially prolongs survival. A number of therapies have
been developed to treat the osteolytic response with bisphosphonates (BP), and more
recently, the RANKL inhibitor Denosumab [4, 6, 11]. In contrast, the mechanisms
promoting the osteoblastic response are still unclear. A number of soluble proteins have
been described that promote bone formation including, but not limited to, the BMP’s, ET-1,
NELL-1, OPG, and PGK1 [4, 6, 12-17]. While each of these proteins can promote bone
formation, it is not known if any of these proteins are directly responsible for the
osteoblastic response in PCa patients.

Previous work focusing on PCa bone metastases has been restricted to animal models and in
vitro investigations due to the lack of patient tissues to interrogate factors of interest. Herein,
we describe the use of clinical human specimens of bone metastases (n=33) with distinct
osteoblastic or osteolytic responses. Our objective was to provide a detailed expression
analysis of recognized bone remodeling proteins in both highly osteoblastic and highly
osteolytic PCa bone metastases, in addition to identifying novel PCa bone remodeling-
associated proteins. The transcript and protein levels of ten recognized bone-remodeling
proteins were assessed in both osteoblastic and osteolytic PCa metastases — bone
morphogenetic protein 2 (BMP-2) [13, 15], bone morphogenetic protein 7 (BMP-7) [15],
dickkopf-related protein 1 (DKK-1) [18, 19], receptor tyrosine-protein kinase erbB-3
(ErbB3) [20, 21], endothelin-1 (ET-1) [17, 22, 23], NEL-like protein 1 (NELL-1), tumor
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necrosis factor receptor superfamily 11B (OPG) [13, 14, 24, 25], phosphoglycerate kinase 1
(PGK1) [16], sclerostin [26, 27], Substance P [28, 29] and. In addition, we identified a
putative osteoblastic factor EMI domain-containing protein 1 (Emul), and two putative
osteolytic factors, matrix metalloproteinase-12 (MMP-12) and secreted frizzled-related
protein 1 (sFRP-1) in PCa bone metastases.

Materials and Methods

Clinical Data

Human PCa metastasis were obtained as part of the University of Washington Medical
Center Prostate Cancer Donor Rapid Autopsy Program, which is approved by the University
of Washington Institutional Review Board [1]. Thirty-three bone samples from rapid
autopsies of 30 patients who died with a diagnosis of metastatic castration resistant prostate
cancer were processed. One patient did not have complete clinical data available. For all
patients with clinical data the mean age at autopsy was 70.9 years. All had received
androgen deprivation therapy with mean treatment duration of 5.3 years. Twenty-five
patients (86%) received BP therapy. Zoledronate was the most common BP medication;
among those treated with BP the median treatment duration was 15.9 months (n=25).

Tissue Acquisition and Processing

From 30 patients, 33 metastatic cores were isolated at autopsy and divided into two portions
— one flash frozen in liquid nitrogen used for RNA isolation and one decalcified in formic
acid, fixed in 10% neutral buffered formalin and embedded in paraffin used for
immunohistochemistry (IHC). From a selected subset of 11 patients, seven bone metastases
were identified as highly osteoblastic and seven as highly osteolytic (Figure 1A). The
corresponding frozen tissue was used for RNA isolation.

Due to the extreme difficulty in sectioning osteoblastic bone, laser capture microdissection
(LCM) was not used to isolate RNA. However, macroscopic assessment of paraffin
embedded tissues confirmed specimens to be at least 90% tumor, verified by IHC analysis.

RNA amplification and microarray hybridization

Agilent 44K whole human genome expression oligonucleotide microarrays (Agilent
Technologies, Inc., Santa Clara, CA) were used to profile frozen bone cores. To provide a
reference standard RNA for use on two-color oligonucleotide microarrays, we pooled equal
amounts of total RNA isolated from four human prostate tumor cell lines LNCaP, DU145,
PC3, and CWR22 (American Type Culture Collection, Manassas, VA) growing at log phase
in dye-free RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS)
(Invitrogen, Carlsbad, CA). Two micrograms reference total RNA was amplified two rounds
while 500 ng total RNA isolated from either osteoblastic or osteolytic bone metastatic cores
was amplified one round using the Ambion MessageAmp aRNA Kit (Ambion Inc, Austin,
TX), incorporating amino-allyl UTP into amplified antisense RNA. A total of 825 ng of
amplified amino-allyl aRNA from each experimental sample was labeled with Cy3
fluorescent dye (reference amino-allyl aRNA was labeled with Cy5) and hybridized to
custom Agilent 44K whole human genome expression oligonucleotide microarray slides
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(Agilent Technologies, Inc., Santa Clara, CA) following the manufacturer’s suggested
protocols. Fluorescence array images were collected using the Agilent microarray scanner
G2565BA. Agilent Feature Extraction software was used to grid, extract, and normalize
data. Spots of poor quality or average intensity levels <300 were removed from further
analysis. Statistical Analysis of Microarray (SAM) program (http://www-stat.stanford.edu/
~tibs/SAM/) was used to analyze expression differences between the osteoblastic and
osteolytic groups. Unpaired, t-tests were calculated for all probes passing filters and
controlled for multiple testing by estimation of g-values using the false discovery rate (FDR)
method [30]. Microarray data are deposited in the Gene Expression Omnibus database under
the accession number GSE41619.

Quantitative reverse transcription-polymerase chain reaction (qRT-PCR)

Primers (Integrated DNA Technologies, Coralville, IA) were designed for -actin (ACTB),
BMP2, BMP7, DKK1, EDN1, EMID1, ERBB3 [20], MMP12, NELL1, PGK1, sFRP1,
SOST and Substance P (TAC1), TNFRSF11B (Supplemental Table 1) to span intron-exon
boundaries using Primer3 software (http:/frodo.wi.mit.edu). One microgram of amplified
RNA from each patient sample was reverse transcribed into cDNA using the Advantage RT-
for-PCR kit according to manufacturer’s protocol (BD Biosciences, Palo Alto, CA).
Reactions contained 10 pl of Absolute QPCR SYBR Green Mix (Thermo Scientific,
Wilmington, DE), 2ul of cDNA template (1:10 dilution of reverse transcribed RNA), 0.4l
each of forward and reverse primer (200nM) and 7.2ul H,O. qRT-PCR was performed on a
Rotor-Gene RG-3000 (Corbett Research, Sydney, Australia) using the following parameters:
95°C for 15 min followed by 40 cycles of denaturing at 95°C for 15 sec and annealing/
extension at T(m)/72°C for 30 sec each. gRT-PCR quality was accessed using a four-fold
dilution standard curve of LNCaP cDNA with a R2 value >0.99. Amplicon product was
confirmed by melt curve analysis and gel electrophoresis. Using cycle threshold values,
average expression levels were normalized against -actin. Fold changes and significance
using paired t-tests were determined between the osteoblastic and osteolytic samples.

Immunohistochemistry

Formalin-fixed paraffin-embedded tissue sections (Syum) were deparaffinized and
rehydrated. Antigen retrieval was performed with 10 mM citrate buffer (pH 6.0) in a
pressure cooker (20 psi for 5 min). Endogenous peroxide and avidin/biotin were blocked for
15 min respectively with corresponding reagents (Vector Laboratories Inc.). Sections were
blocked with 5% normal goat-horse-chicken serum at room temperature for 1h, and
incubated with primary antibody (Table 1) at 4°C overnight. Slides were incubated with
corresponding biotinylated secondary antibody (1:150) (Vector Laboratories Inc.) for 30
min., followed by ABC reagent (Vector Laboratories Inc.) and stable DAB (Invitrogen
Corp.). All sections were counterstained with hematoxylin and mounted with Cytoseal XYL
(Richard Allan Scientific). Mouse, rabbit or goat IgG was used at the same concentration as
the primary antibody for negative controls.

Immunohistochemical assessment

Immunostaining was assessed using a quasi continuous score system, created by multiplying
each intensity level (“0” for no brown color, “1” for faint and fine brown chromogen
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deposition, and “2” for clear and coarse granular chromogen clumps) with the corresponding
percentage of cells expressing the particular intensity, and then summing all values to final
score for each sample (scores ranging from 0-200) [31]. Cytoplasms and nuclei
immunoreactivities were evaluated separately. The distribution of the tissue scores were
grouped as “none” (score range: 0), “weak” (score range: 0~100), “moderate” (score range:
100~150) and “intense” (score range: 150~200). Samples with missing or damaged sections
were excluded from analysis.

Statistical analysis

Results

Significance of differences for the qRT-PCR and IHC analyses were calculated using a
students t-test, with p values <0.05 indicating statistical significance.

Gene expression analysis of bone remodeling genes

To assess transcript levels in bone metastases, mRNA was isolated from seven highly
osteoblastic and seven highly osteolytic frozen tissues samples from 11 patients with
castration resistant metastatic PCa. Our analysis of previously described genes associated
with bone formation (BMP2, BMP7, EDN1, ERBB3, NELL1, PGK1, TAC1 and
TNFRSF11B) and wnt signaling pathway inhibitors that restrict bone formation (DKK1 and
SOST) were analyzed using gene expression arrays (Figure 1B). Of these ten genes, only
DKKI1 had significantly differential expression; exhibiting higher expression in osteoblastic
samples than in the osteolytic samples (p=0.016). Additionally, three novel genes (EMIDI,
MMP12 and SFRP1) were identified in the PCa bone metastases, each exhibiting differential
expression between the osteoblastic and osteolytic samples. EMID1 (p=0.002) had higher
expression in osteoblastic samples, whereas MMP12 (p<0.001) and SFRP1 (p<0.001) had
higher expression in osteolytic samples. The gene expression array results were confirmed
by qRT-PCR using the same sample set, and protein expression was further analyzed by
IHC.

Transcript and protein expression of bone forming factors

The qRT-PCR results for the eight previously described bone-promoting genes (BMP2,
BMP7, EDN1, ERBB3, NELLI1, PGK1, TAC1 and TNFRSF11B) were consistent with the
gene expression array analysis. None of the aforementioned genes displayed any significant
transcript differences (p<0.05) between the osteoblastic and osteolytic PCa bone samples
(Figure 2A and Supplemental Figure 1). EMIDI had significantly higher expression in
osteoblastic samples when compared to osteolytic samples (p=0.014) (Figure 2A).

To further confirm the association of the selected genes with the osteoblastic bone response
we calculated differential protein expression in human metastatic PCa metastasis from 27
patients. Three of the proposed bone forming proteins (BMP-2, BMP-7 and ET-1) displayed
no significant difference in protein expression between osteoblastic and osteolytic samples
(Supplemental Figure 2 and 3). This finding was consistent with our gene expression
analysis, suggesting a uniform expression of the two BMP’s and ET-1 in the PCa bone
metastases. Although present in all samples, cytoplasmic OPG, Substance P and PGK1 were
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significantly higher in osteoblastic samples than in osteolytic samples at the protein level
(p=0.026, p=0.045 and p=0.009, respectively) (Figure 3A-D, Supplemental Figure 2 and 3).
Cytoplasmic Emul, while displaying higher expression in osteoblastic samples, was not
significantly different in comparison to the osteolytic samples (p=0.223). Nuclear Emul
trended towards significance in osteoblastic samples (p=0.056) when compared to osteolytic
samples (Figure 3E, F). ErbB3 and NELL-1 were not analyzed because either no suitable
commercial antibody was available or the staining was determined to be of insufficient
quality to assess after repeated attempts.

Transcript and protein expression of bone degrading factors

By qRT-PCR, SOST expression was not significantly different between osteoblastic and
osteolytic bone metastases (p=0.163) (Figure 2B). Although differentially expressed on the
gene expression array, DKK1 did not show differential gene expression by qRT-PCR
(p=0.112). The two genes that were significantly higher in osteolytic samples than in
osteoblastic samples by gene expression arrays, and validated by qRT-PCR, were SFRP1
(p=0.024) and MMP12 (p=0.027) (Figure 2B).

By IHC the previously identified osteoblastic inhibitor proteins, Sclerostin and DKK-1, did
not show any significant differences in cytoplasmic staining for both (p=0.163; p=0.458,
respectively), and nuclear staining for DKK-1 (p=0.476) (Supplemental Figure 2 and
Supplemental Figure 3). Interestingly, cytoplasmic sFRP-1 was significantly higher in
osteolytic bone metastases (p=0.044) (Figure 4A, B). Additionally, cytoplasmic expression
of MMP-12 was higher in metastatic PCa osteolytic bone reactions, trending towards
significance (p=0.054) (Figure 4C, D).

Discussion

Despite the osteoblastic bone response being a significant problem for patients with
advanced stage prostate cancer, the mechanism of osteoblastic stimulation by PCa cells and
the factor, or factors, responsible for new bone formation have not yet been identified. In
order to identify such proteins that will have clinical relevance, human samples of bone
metastases are needed. Multiple studies have been performed to identify factors responsible
for stimulation of the osteoblastic reaction by PCa tumor cells using in vitro and in vivo
experimental models. However, the use of clinical samples has been hindered by a relative
lack of relevant samples as well as by technical difficulties with extracting RNA and
sectioning frozen bone tissue from the highly osteoblastic samples.

Our study provided interesting findings that show a substantial discrepancy between our
results generated using clinical samples compared to those from in vitro and in vivo
assessments. Furthermore, we provided novel information about the association of three
proteins that have not yet been investigated in connection with osteoblastic or osteolytic PCa
bone metastases.

The BMP’s are known to stimulate differentiation towards the osteoblastic lineage.
Additionally, studies have shown expression of BMP-2/4, -6 and -7 in PCa bone metastases
[32, 33]. Similarly, ET-1 has been associated with bone growth in prostate cancer,
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stimulating osteoblastic activity and negatively regulating osteoclastic activity [34, 35].
Surprisingly, BMP-2, BMP-7 and ET-1 were not differentially expressed in osteoblastic
compared to osteolytic PCa bone metastases. Conversely, Sclerostin was elevated in PCa
bone metastases, shown to inhibit bone formation and promote osteoclast formation [36].
Likewise, in vitro studies have shown that blocking DKK-1 expression in osteolytic PCa
cells stimulated osteoblast differentiation and mineralization [37]. However, both
cytoplasmic Sclerostin and DKK-1 were present in all osteoblastic and osteolytic samples.
So while Sclerostin and DKK-1 promote bone degradation, they are not sufficient to activate
a predominantly osteolytic response. Additionally, several proteins such as the BMP’s and
ET-1 have been portrayed as being involved in the vicious cycle paradigm. This theory
describes tumor burden regulation within the bone due to crosstalk between tumor cells and
the bone microenvironment, particularly osteoblasts [38—40]. Our data does not support or
oppose this theory.

Studies have shown that OPG and PGK1 promote bone growth by inhibiting
osteoclastogenesis in intratibial and subcutaneous injected mice or in PCa cell lines,
respectively [14, 16]. PGK1 has also been shown to induce osteoblastic differentiation [16].
Additionally, Substance P has been shown to have a dose-related osteogenic stimulating
effect, promoting the osteoblastic phenotype in bone [29]. Our data support these studies, as
OPG, PGK1 and Substance P displayed an increased protein expression in the osteoblastic
samples in comparison to the osteolytic samples. However, both osteoblastic and osteolytic
metastatic samples analyzed expressed OPG, Substance P and PGK1. Although there was
increased protein expression, there was no significant difference at the transcript level
between the osteoblastic and osteolytic samples. This discrepancy could be attributed to
protein stabilization or other factors influencing protein stability and turnover. The OPG/
RANK/RANKL pathway is known to regulate osteoclast proliferation and activity [41]. We
have previously shown that OPG and RANK are expressed in PCa bone metastases [42]. We
observed no RANKL expression in the tumor cells of PCa bone metastases. RANKL
expression was however observed in rare spindle-like cells on the surface of new bone and
in stromal cells. Therefore, given the scattered presence of RANKL expressing cells in the
stroma we could not accurately assess the expression of RANKL in these cells relative to the
expression of OPG in the tumor cells populating he osteoblastic and osteolytic PCa bone
metastases. Nevertheless, osteoclast numbers have been shown to be significantly higher in
high versus low bone volume PCa bone metastases [43]. This is consistent with the idea that
OPG is expressed at higher levels in osteoblastic prostate cancer bone metastases and that
there are fewer osteoclast like cells present in osteoblastic metastases.

Interestingly, the secreted protein Emul had elevated levels of nuclear staining in
osteoblastic bone metastases. It has been shown to be prevalent in the epithelium during
embryonic development. The glycosylated protein Emul maintains a cysteine-rich domain
that is frequently involved in cellular signaling, forming homo- or heteromers on
extracellular surfaces. Proteoglycans often signal to ligands associated with the extracellular
matrix such as the BMPs and Whnts; therefore, it can be hypothesized that Emul aids in cell
adhesion events [44]. Although this hypothesis is relevant in the expression of Emul in PCa
bone metastases, it does not explain its increased presence in the osteoblastic bone.
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sFRP1 displayed significant differential expression in osteolytic PCa bone metastases than
in osteoblastic metastases. The extensively studied bone degrading protein sFRP1 has been
identified as an inhibitor of the Wnt signaling cascade, inhibiting osteoblast viability [45].
Recent gene expression profiles have identified SFRP1 as having significant expression in
advanced PCa patients in comparison to BPH and pT2, pT3/4 PCa stages, indicating its
importance in advanced stage disease [46]. Our results suggest SFRP1 has a role in
promoting the osteolytic response in PCa bone metastases.

MMP-12 also displayed increased expression in the osteolytic PCa bone metastases
compared to the osteoblastic metastases. The proteolytic enzymes, MMP’s, are involved in a
complex, collaborative role in cancer progression by the degradation of the extracellular
matrix, regulating tumor-bone cell interactions and enhancing angiogenesis [47—49]. For
example, in vitro studies have shown MMP-12 can activate MMP-2, which may then
activate MMP-13 [47]. MMP-13 is expressed in breast cancer lesions, and has been shown
to be involved in osteoclastogenesis and osteoclast activity [49]. Previous studies also
identified MMP-12 as being expressed on PC3 PCa cells [50]. MMP-12 has now been
identified to not only be expressed in clinical PCa samples, but present in osteolytic PCa
bone metastases. It could be hypothesized that similar to MMP-13, MMP-12 could be
involved in osteoclastogenesis, osteoclast differentiation and activity.

This study shows that PCa bone metastases express a variety of proteins that promote bone
formation and bone breakdown. While some of these factors displayed significant
differences in expression between osteoblastic and osteolytic metastases, no one factor stood
out as being highly expressed in osteoblastic or osteolytic metastases. This leads to the
conclusion that the proteins described are not the sole driving force for either the
osteoblastic or osteolytic bone responses in PCa metastases in the bone. This suggests that a
possible explanation for the heterogeneous, but predominantly osteoblastic bone response in
PCa is that the process is multi-factorial. We propose two hypotheses as to why PCa bone
metastases are predominantly osteoblastic. First, a single osteoblastic factor that is highly
expressed in PCa cells provides the predominant driving force behind the osteoblastic
response in PCa. Consequently, every other protein expressed has a secondary role.
Alternatively, the process is multifactoral with PCa expressing a disproportionate number of
pro-osteoblastic factors when compared to other solid tumor types that metastasize to the
bone. The bone response while predominantly osteoblastic would depend on the relative
levels and presence or absence of the factors in the PCa tumor in question. The
heterogeneous nature of metastatic PCa would favor this hypothesis [1].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Gene Name

matrix metallopeptidase 12

secreted frizzled-related protein 1

tachykinin, precursor L

MEL-like 1

tumor necrosis factor receptor superfamily 11b
bone morphogenetic protein 7
phosphoglycerate kinasa 1

v-erb-b2 erythroblasticleukemia viral oncogene 3
endothelin 1

bone morphogenetic protein 2

sclerostin

dickkopf homolog 1

EME domain containing 1

Symbol
MRAF1Z
SFRP1
TACL
MNELLL
TMNFRSF11B
BMPT
PGK]
ERBB3
EDMN1
BMP2
SO5T
DKK1
EMIDL
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Figure 1. Histology and Gene Expression of PCa Bone M etastasis
A. Representative H&E staining of an osteoblastic and osteolytic sample. Scale bar is equal

to 50 um. B. Agilent whole human genome microarrays were used to profile seven highly

significance in signal strength (p<0.05) using paired t-test.
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Figure 2. Validation of gene expression arrays by qRT-PCR

Page 13

A. qRT-PCR of proposed osteoblastic-associated factors TNFRSF11B, BMP7, EDN1, and
EMID1 in osteoblastic (white squares) and osteolytic (black circles) PCa metastases. B.

gRT-PCR of proposed osteolytic-associated factors MMP12, SFRP1, SOST, and DKKI1 in
osteoblastic (white squares) and osteolytic (black circles) PCa metastases. All samples are

normalized against -actin. * indicates significant difference with a p-value of p < 0.05.
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Figure 3. Protein expression in osteoblastic (OB) and osteolytic (OL) PCa Bone M etastases
A, C and E. IHC staining of two known (OPG and Substance P) and one novel (Emul)

osteoblastic-associated factor in PCa bone metastases. Scale bar is equal to 50 um. B, D and
F. Statistical analysis reveals significance in OPG and Substance P staining and approaching
significance in Emul nuclear staining between the osteoblastic and osteolytic bone
metastases. Staining intensity ranges from none (white) to intense (black). * p<0.05
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Figure 4. Protein expression in osteoblastic (OB) and osteolytic (OL) PCa Bone M etastases
A,C. THC staining of novel (sFRP-1, MMP-12) osteolytic factors in PCa bone metastases.

Scale bar is equal to 50 pm. B,D. Statistical analysis reveals significance in sFRP-1 and
approaching significance in MMP-12 cytoplasmic staining between the osteoblastic and
osteolytic bone metastases. Staining intensity ranges from none (white) to intense (black).
*p<0.05
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Table 1

Antibodies used for IHC analysis of human PCa bone metastases.
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Protein Antibody Company Clone/L ot IHC Working Condition
Bone morphogenetic protein 2 BMP-2 LifeSpan BioSciences | LS-B785/20546 1:100
Bone morphogenetic protein 7 BMP-7 Abcam Ab56023 1:250
Dickkopf-related protein 1 Dkk-1 SIGMA HPA75704 1:30
EMI domain-containing protein 1 Emul SIGMA HPA000592 1:100
Endothelin-1 ET-1 Thermo Scientific TR.ET.48.5 1:250
Macrophage metalloelastase MMP-12 Abcam Ab52897 1:150
Tumor necrosis factor relchptor superfamily member OPG IMGENEX IMG-103A 1:500
Phosphoglycerate kinase 1 PGK-1 Abcam Ab38007 1:25
Sclerostin Sclerostin Abcam Ab63097 1:250
Secreted frizzled-related protein 1 sFRP-1 Abcam Ab4193 1:800
Protachykinin-1 Substance P Millipore AB1566 1:200

Prostate. Author manuscript; available in PMC 2014 October 30.




