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Abstract

Background: Prostate cancers often metastasize to bone. It is hypothesized that interactions between osteoblasts
and cancer cells lead to establishment of prostate cancer skeletal metastasis.

Methods: As a result of co-culture between undifferentiated and differentiated osteoblasts and PC-3 and DU-145
prostate cancer cells, gene expressional changes were determined with microarray technology, both Affymetrix® and
lllumina® protocols. Characterization of osteoblast differentiation was performed using alizarin red staining of calcium,
saffron staining of collagen fibers and quantitative real-time PCR of differentiation markers (RUNX2, Osteocalcin and
Alkaline phosphatase).

Results: The Affymetrix® protocol demonstrated that co-culturing of PC-3 cells with differentiated osteoblasts
resulted in significantly more expressional changes in the cancer cells than co-culturing with the undifferentiated
osteoblasts. The data generated from the lllumina Beadchip platform on DU-144 cells demonstrate a significant larger
differential expression (399 reporters) in co-culture with undifferentiated osteoblast cells compared to the differentiated
(35 reporters). Morover, this is in contrast to PC-3 cells where co-culture with differentiated osteoblasts dominates the
differential expression with 340 reporters while there are only 11 in the case of undifferentiated. However, the Go-Term
“Regulation of caspase” (GO:0043281) was found in common in both Affymetrix® and lllumina® array protocols.

Conclusion: Interactions between prostate cancer cells and mature bone-producing osteoblasts resulted in
gene expressional changes that may increase cells’ ability to establish bone metastasis. The potential for inducing

expressional changes seems to be crucial dependent of the differentiation status of osteoblasts.
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Introduction

Most prostate cancers grow slowly as an indolent disease.
However, some show an aggressive behavior with rapid growth and
widespread metastases, mainly to the skeleton, lymphatic nodes, lung
and liver [1]. Among patients with metastatic prostate cancer, bone
lesions will be found in 90%, a fact which underscores the particular
propensity of this disease to skeletal spread [2,3]. Unfortunately,
patients with bone metastases have an average survival of only 9
to 12 months [4,5]. Thus, a better understanding of the underlying
mechanisms might be of great significance to future patients.

It has been hypothesized that the bone microenvironment exerts
an attractive effect on prostate cancer cells [6,7], involving a complex
interplay between the prostate epithelial tumor cells and various
bone tissue components. Studies have shown that homogenate from
bone tissue increased prostate cancer cells’ ability to invade in vitro,
while homogenate of brain tissue showed no such effect. However,
the details of this interaction are far from elucidated. In normal bone
a mixture of cellular elements is found, comprising osteoblasts,
osteoclasts, fibroblast-like cells and endothelium, as well as an
array of blood cells and their precursors. The extracellular matrix
composed of collagen type I, osteopontin, osteocalcin, osteonectin
and hydroxyapatite. Several of these various components have been
suggested to affect invasion, proliferation and survival of prostate cells
in bone tissue. Thus, it has been shown that an increased malignant
potential can be induced by osteonectin [8]. It has been reported that
growth factors such as epidermal growth factor (EGF), transforming
growth factor beta (TGF-B) and insulin growth factor (IGF) I/l have

such an effect [9,10,11]. Moreover, chemotactic cytokines, so-called
chemokines, have been shown to induce directed movement in
cancer cells [12,13]. For instance, stroma derived factor 1 (SDF-1),
also denoted CXCL12, and its corresponding membrane receptor
CXCR4, confer a more invasive phenotype on selected prostate
cancer cell lines. It is highly suggestive that SDF-1 is expressed
both by osteoblasts and bone endothelial cells, as well as by bone
stromal fibroblasts, while its receptor is present in several cell lines
derived from prostate cancer [14]. It has been proposed that prostate
cancer cells’ extravasation and movement into bone marrow space, is
enhanced by a selective adhesion between the cancer cells and bone
marrow endothelial lining [5]. Studies have shown that the integrin
subunits B1 and 3 are participators in such type of adhesion. In
view of the rich expression of these molecules by prostate cells, it
is reasonable to suppose a role of integrins in the skeletal homing
of prostate cancer cells. Interestingly, the binding of prostate cancer
cells to bone marrow endothelial cells is much more effective than
their adhesion to endothelium from the umbilical cord [15].
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The establishment of secondary prostate cancer deposits
in bone may be promoted by specific changes of the tumor cells’
behavior, rendering them more similar to those of skeletal tissue
and thus becoming better equipped for survival in bone tissue [16].
Thus, the interaction between prostate cancer cells and bone tissue
components may induce a conversion of the former, making them
assume a gene expression profile more similar to that of bone-
specific cells [17]. A number of studies have dealt with the mutual
signaling between prostate cells and osteoblasts, mainly focusing
on alterations in the latter. Far less is known about the possible
influence of osteoblasts on the prostate cancer cells. The picture is
further complicated by the fact that cancer cells arriving in the bone
marrow, may encounter both mature bone-producing osteoblasts
(differentiated) and immature osteoprogenitor-like osteoblasts
(non-differentiated). It is therefore of interest to know whether the
differentiation status of the osteoblasts may modulate the way they
interact with prostate cancer cells.

Materials and Methods

Cell lines and cultures

The human prostatic carcinoma cell lines PC-3 and DU-145 and
the human fetal osteoblastic cell line hFOB1.19 (CRL-11372) were
obtained from the American Type Culture Collection (ATCC). PC-3
[18] was originally derived from a hormone-independent prostatic
skeletal metastasis, does not express the prostate specific antigen
(PSA), and tends to yield osteolytic skeletal metastasis when grafted
into mice. DU-145, which was originally grown out of brain tissue
from a prostate cancer metastasis, does not express PSA. HFOB1.19
Harris et al. [19] was originally derived from a spontaneous
miscarriage, and was rendered immortal by transfection with a
temperature sensitive variant of the large T-antigen from the Simian
Virus (SV40) and the antibiotic resistance-coding neo-gene. The cell
line proliferates rapidly at 33.5°C (permissive temperature), but the
proliferation is reduced if the temperature is increased, and is nearly
abolished at 39°C (restrictive temperature). HFOB1.19 cells show an
osteoprogenitor-like phenotype, but have the ability to differentiate
into mature osteoblasts. Osteoblastic differentiation is induced by
many factors, like incubation temperature, time in culture, degree
of confluence and inductive media supplements. All cell lines were
grown in 75cm 2 tissue culture flasks (Sarstedt, Germany) in a
humidified environment containing 5% CO2 in air. PC-3 and DU-145
were maintained at 37°C in 1:1 Ham’s F12 medium and Dulbeccos
modified Eagle’s medium without phenol-red, supplemented with
10% fetal bovine serum and 2% penicillin/streptomycin. HFOB1.19 was
maintained at 33.5°C in the same medium as PC-3 and DU-145, but
with Geneticin G418 (300pg/ml) instead of penicillin/streptomycin. All
the media reagents were obtained from Sigma (Sigma-Aldrich, USA).
All cell lines were routinely tested for the presence of mycoplasma
with real-time PCR using the broad-range LightCycler Mycoplasma
Primer Kit (Search LC GmbH, Germany), and were found to be free
of infection.

Differentiation of hFOB1.19 cells

HFOB1.19 cells (200 000 cells/well) were seeded in 6-well tissue
culture plates and cultured at 33.5°C until 100% confluence (day 0),
after which the temperature was raised to 37°C. In half of the wells,
the medium was supplemented with the following differentiation
inducing mixture: dexamethasone (10-8M), ascorbic acid (100ug/ml),
B-glycerophosphate (10mM) and 1,25-dihydroxy-vitamin D3 (10-8M)
[20,21,22]. All supplements were obtained from Sigma. The culture

medium was changed every 72 hours and plates were collected for
calcium-staining, collagen-staining and real-time PCR at four different
times during the cultivation (day 0, day 6, day 12 and day 18).

Visualization of calcium deposition

Calcium in mineralized matrix was stained with alizarin red, using
a previously described protocol with only minor modifications [23].
Briefly, the medium was aspired, and the cells were washed with
phosphate buffered saline (PBS) (2X, room temperature), fixed with 3%
paraformaldehyd (PFA) (10 minutes, on ice), rinsed carefully with PBS
(1X, room temperature) and de-ionized H20 (1X, room temperature),
stained with alizarin red (1X, 40mM, pH 4.2, 30 minutes, room
temperature), washed with de-ionized H20 (5X, room temperature)
and finally incubated with PBS (1X, 15minutes, room temperature)
to remove unspecific staining. All the reagents were obtained from
Sigma. The results were documented using a digital SLR camera
or with an Axiovert 200M (Zeiss, Germany) inverted microscope
equipped with an AxioCam MRm (Zeiss, Germany) digital camera.

Visualization of collagen in osteoid

Collagen in osteoblast cultures was stained using saffron. The
culture dishes were washed with PBS (1X, room temperature),
dehydrated in 80% EtOH (1X, room temperature), dehydrated in
absolute EtOH (1X, room temperature), stained with saffron (5mg/
ml) in absolute EtOH (1X, room temperature) and finally de-stained
using absolute EtOH (3X, room temperature). Absolute EtOH was
obtained from Arcus (Arcus, Norway) and saffron was obtained ready-
made directly from the local histology laboratory. The results were
documented using a digital SLR camera.

Quantization of osteoblast differentiation markers

Real-time PCR was used to determine the amount of transcripts
for three markers of osteoblastic differentiation, RUNX2, osteocalcin
(OC) and alkaline phosphatase (ALP). Total-RNA was isolated from
the cells using a MagNA Pure LC nucleic acid isolation robot (Roche
Diagnostics GmbH, Germany) combined with the MagNA Pure LC
RNA isolation Kit-High Performance (Roche Diagnostics GmbH,
Germany). The amount of RNA was measured using a ND-1000
spetrophotometer (NanoDrop Technologies, USA), and the RNA
integrity was assessed with capillary gel electrophoresis in a 2100
Bioanalyzer and RNA 6000 Nano Kit (both from Agilent Technologies,
USA). Reverse transcription of mRNA to cDNA was done with a poly-
dT primer using total-RNA (1pg) and Transcriptor First Strand cDNA
synthesis Kit (Roche Diagnostics GmbH, Germany). Real-time PCR
was conducted in glass capillaries (20ul) in a LightCycler 2.0 (Roche
Diagnostics GmbH, Germany) instrument using the LightCycler
FastStart DNA MasterPLUS HybProbe kit (Roche Diagnostics GmbH,
Germany), as a calibrator-normalized relative quantization using
the synthesized cDNA (5ul, 10ng/ul). All real-time PCR reactions in
this experiment were done in triplicates. B-Actin was tested and
found suitable as a housekeeping gene since the expression did not

Gene Forward/Reverse primer
CCTAggCgCATTTCAgQATgAT/

RUNX2 TAgCgTgCTgCCATTCgA
ACggAACTCCTgACCCTTgA/

ALP TCCgCAggATCTggATgg
AAggTgCAgCCTTTgTgT/

ocC AAgggTgCCTggAgAggA
AgCCTCgCCTTTgCCgA/

B-Actin CTggTgCCTggggCg

Table 1: Sequences of the primers for the differentiation markers and the
housekeeping gene used in real-time PCR.
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appreciably change with the different culture lengths or conditions
used. Primers and probes for the differentiation markers (RUNX2, OC
and ALP) and the housekeeping gene (B-Actin) were obtained from
TIB Molbiol (TIB Molbiol, Germany). The sequences of the primers
and probes are presented in Table 1. A reference material (calibrator)
was used to make a standard curve for each of the differentiation
markers and the housekeeping gene and included in each run, thus
enabling compensation for different PCR-efficiencies between runs.
The calibrator was cDNA synthesized from total-RNA isolated from
hFOB1.19 cells grown to 100% confluence (day 0) under standard
culture conditions. The PCR products were checked with melting
point analysis in the LightCycler 2.0, capillary gel-electrophoresis in
the Bioanalyzer 2100 using a DNA 1000 kit (Agilent Technologies,
USA) and sequencing with the CEQ 8800 Genetic Analyzer (Beckman
Coulter, USA) using a GenomeLab Dye Terminator Cycle Sequencing
Kit (Beckman Coulter, USA).

Co-culture model

PC-3 And DU-145 cells (200 000 cells/insert) were seeded into
tissue culture inserts containing a porous (0.4um) polyethylene
terephtalate (PET) membrane (BD Falcon, USA) and grown to 100%
confluence in normal growth medium at 37°C before transfer to the
co-culture system. HFOB1.19 cells (200 000 cells/well) were seeded
into 6-well tissue culture plates and grown to 100% confluence (day
0) in normal growth medium at 33.5°C, thus yielding hFOB1.19 cells
with a osteprogenitor-like phenotype. Half of the wells were used in
the co-culture at day 0, while the rest were further differentiated into
mature bone-producing osteoblasts by changing the temperature
to 37°C, with media supplements as described above, and grown
for additional 18 days (day 18). Inserts containing PC-3 cells were
then placed in wells containing osteoprogenitor-like hFOB1.19
cells (undifferentiated), mature bone-producing hFOB1.19 cells
(differentiated), or no hFOB1.19 cells (control), and further cultured
for 72 hours at 37°C in normal growth medium without serum or
antibiotics. The co-culture model thus allowed free diffusion of
soluble substances between the chambers, without any physical
contact between the two cell types. All inserts and wells were
carefully washed with PBS before placing them together. The medium
was changed every 72 hours for growth and differentiation, and every
36 hours during co-culture.

After the co-culture period total-RNA was isolated from the
PC-3 and DU-145 cells and its amount and quality controlled using
the same procedure as the one described above for osteoblasts.
Total-RNA isolated from two parallel PC-3 and DU-145 containing
inserts was pooled together (2ug + 2pg), thus producing a total of
24 samples, comprising three samples from PC-3 and DU-145 cells
co-cultured with un-differentiated hFOB1.19 cells linked to three
corresponding controls, and three samples from PC-3 and DU-145
cells co-cultured with differentiated hFOB1.19 cells linked to three
corresponding controls.

Gene expression profiling

Affymetrix protocol: cDNA was synthesized from 100ng total-
RNA using the two-cycle cDNA Synthesis Kit, Sample Cleanup Module
Kit, Eucaryotic Poly-A RNA Kit and IVT Labeling Kit, according to
the producer’s instructions (Affymetrix, USA). C-RNA synthesis was
performed by MEGAscript T7 Kit obtained from Ambion (Ambion,
USA). The gene expression profile was then obtained in each of
the 12 samples by loading cDNA onto GeneChip HGU133 Plus 2.0
whole-genome microarrays (Affymetrix, USA). The microarray service

was provided by the Norwegian Microarray Consortium (NMC) at
the national technology platform, and supported by the functional
genomics program (FUGE) in the Research Council of Norway.

lllumina protocol: We wused the Illumina TotalPrep RNA
amplification Kit (Ambion Inc., Austin, TX) to amplify RNA for
hybridization on Illumina BeadChips. To synthesize first strand
cDNA by reverse transcription, we used totalRNA from each sample
collected above. Following the second strand cDNA synthesis and
cDNA purification steps, the in vitro transcription to synthesize cRNA
was prepared overnight for 12 hours. The gene expression profiles
were measured on DU-145 and PC-3 cells using Illumina Human HT-
12 v3 Expression BeadChip (Illumina, San Diego, CA), which enables
genome-wide expression analysis (more than 480000 transcripts) of
12 samples in parallel on a single microarray.

RNA quality measurement: RNA concentration and quality
were determined using a NanoDrop ND-1000 spectrophotometer
(NanoDrop Technologies, Wilmington, DE) and Agilent 2100
Bioanalyzer (Agilent Technologies, Palo Alto, CA), which calculates an
RNA integrity number (RIN). The RIN values of RNA samples used for
cRNA amplification ranged from rin-min to rin-max, indicating good
quality of RNA samples.

Data analysis

Affymetrix data analysis: Data analysis was performed using
Robust Multichip Analysis (RMA) [24] Partial Least Squares (PLS)-
statistics [25] and the Limma software package for R [26]. Gene
annotation and gene ontology were obtained using NMC’s Annotation
Tools and Explore Gene Ontology (eGOn) software available from
GeneTools [27]. The data analysis service was provided by the NMC
at the national technology platform, and supported by the FUGE
program in the Research Council of Norway. The raw data and the
normalized data from all the microarrays in this experiment were
uploaded into the ArrayExpress (EBI, UK) database using the MIAME
standard, thus providing online access to the complete dataset and a
detailed description of the assay properties.

The reporter lists generated from prostate cancer cells co-cultured
with the differentiated osteoblasts were loaded into GeneTools and
annotated with GO-terms. A mutually exclusive target-target test
(Fisher’s exact test, p<0.01 cut-off) comparing the up-regulated and
down-regulated reporter lists was done in eGOn. The results show
whether gene classes associated with specific biological processes
had predominantly up-regulated or down-regulated reporters.

Illumina data analysis: Raw data were exported from the Illumina
Genomestudio software to R using the Bioconductor package " lumi”.
The data were quantile normalized and log2 transformed. The
groups were compared using a t-test with empirical Bayes correction
from the Bioconductor package “limma" [25]. The fold change
was used to demonstrate changes in average gene expressions
between studied groups. Statistical analyses were performed using
the false discovery rate (FDR) with a significance threshold of 0.01.
The reporter lists generated from prostate cancer cells co-cultured
with the differentiated osteoblasts were loaded into GeneTools and
annotated with GO-terms. A mutually exclusive target-target test
(Fisher’s exact test, p<0.01 cut-off) comparing the up-regulated and
down-regulated reporter lists was done in eGOn. The results show
whether gene classes associated with specific biological processes
had predominantly up-regulated or down-regulated reporters.
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Figure 1: The HFOB1.19 cell line showed considerable more calcium staining
(1b) when grown in differentiation media for 18 days compared to control (1a).
Osteoblasts also expressed much more collagen after the incubation period

(1d) compared to control (1c).
A J

Results

Osteoblasts may be induced to secrete bone-specific
extracellular matrix in culture

Calcium-staining with alizarin red and collagen-staining with
saffron became detectable in confluent HFOB1.19 cultures around
day 6 after change to differentiation-inducing conditions. Thereafter,
both parameters gradually increased with further culture until 18 days,
indicating the transition to a mature phenotype actively producing
bone-specific extracellular matrix. Staining was also detected in wells
cultured without the inductive supplements, but the presence of
differentiation stimulatory factors led to more intense staining with
earlier onset. Representative images of wells from staining analyses
are presented in Figure 1.

Osteoblasts may be induced to increase their expression of
differentiation markers in culture

The results from the calibrator-normalized relative quantization of
RUNX2, ALP and OC with real-time RT-PCR showed that the expression
of differentiation markers gradually increased with time. Although
the different markers showed slightly different kinetics of expression
increase, a significantly increased expression was demonstrated for
all three markers at day 18. However, the expression could be further
stimulated by the addition of differentiation inductive supplements,
which made the process accelerate. The gene expression data are
depicted in Figure 2. Quality controls of the total-RNA samples
before real-time RT-PCR showed 260/280- and 260/230-ratios of 2.0
(+/- 0.2), RNA integrity numbers (RIN)>9.7 and 18S/28S-ratios >2.0
for all samples analyzed, indicating that the total-RNA samples had
good purity and contained un-degraded RNA. Specific amplification
during the RT-PCR reactions was confirmed by melting curve analysis
and further by purifying the PCR products (PCR clean-up kit, Roche
Diagnostics) prior to capillary gel electrophoresis (Agilent Bioanalyzer
2100, Agilent, USA) using the DNA 1000 kit (Agilent, USA).
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Figure 2: Results from the calibrator-normalized relative quantization analysis
of the differentiation markers RUNX2, ALP and OC with real-time gRT-PCR.
Summarized osteoblasts grown with differentiation factors showed a higher level
of all three differentiation markers. RUNX2 and OC showed a time dependent
gene expression, while the ALP gene was high expressed already at day 6.
In agreement with earlier reports, an increased time dependent differentiation
was also induced in control cells (grown without differentiation factors). This
differentiation could be explained by the osteoblasts’ ability to spontaneous
differentiate as result of high confluence in growth chambers.
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GO-term Function
0006917 Induction of apoptosis
0043068 Positive regulation of programmed cell death
0008633 Activation of pro-apoptotic gene products
0043281 Regulation of caspase activity
0008632 Apoptotic program
0007160 Cell-matrix adhesion

Table 2: Affymetrix protocol. The data generated from the Affymetrix® microarray analysis revealed that the differentiated, bone-matrix-producing hFOB1.19 osteoblasts
affected the gene expression in PC-3 cells substantially more than the osteprogenitor-like, undifferentiated osteoblasts did. Interestingly, filtered GO-data showed specific
gene classes which was affected by the co-culture between PC-3 cells and differentiated osteoblasts. The genes belonging to the gene class are predominantly repressed

by co-culturing, mainly positive regulate apoptosis and cell adhesion.

Type of regulation | DU-145 DU-145 PC-3 PC-3
Differentiated versus control Undifferentiated versus control Differentiated versus control Undifferentiated versus control
Repressed 14 141 190 1
No change 11568 11208 11267 11596
Increased 25 258 150 10

Table 3: lllumina protocol: The data generated from the lllumina Beadchip platform on DU-144 cells demonstrate a significant larger differential expression (399 reporters) in
co-culture with undifferentiated osteoblast cells compared to the differentiated (35 reporters). This is in contrast to PC-3 cells where co-culture with differentiated osteoblasts
dominates the differential expression with 340 reporters while there are only 11 in the case of undifferentiated.

Gene symbol Repressed Increased Function

BIRC5 X Inhibitor of apoptosis

BAX X Pro-apoptotic mediator

VCP X Vesicle transport and fusion

TNFRSF10B X Intracellular death domain

TNFRSF10A X Intracellular death domain

CYCS X Activates the apoptotic initiator procaspase 9

Table 4: Genes in the Go-Term “Regulation of caspase” (GO:0043281) which were found in common in both Affymetrix® and lllumina® array protocols analyzed in PC-3

cells. No such changes were found in DU-145 cells.

Osteoblasts’ effect on cancer cell gene expression depends on
their differentiation status

The data generated from the Affymetrix® microarray analysis
revealed that the differentiated, bone-matrix-producing hFOB1.19
osteoblasts affected the gene expression in PC-3 cells substantially
more than the osteoprogenitor-like, undifferentiated osteoblasts
did. By conventional statistics for the calculation of p-values adjusted
for false discovery rate (FDR), a reporter list was generated (using
p<0.01 FDR cut-off) containing 4637 up-regulated reporters and 4818
down-regulated reporters in prostate cancer cells co-cultured with
differentiated osteoblasts, as contrasted with only 5 up-regulated
reporters and 2 down-regulated reporters in prostate cancer cells co-
cultured with undifferentiated osteoblasts.

The data generated from the Illumina Beadchip platform on DU-
144 cells demonstrate a significantly larger differential expression
(399 reporters) in co-culture with undifferentiated osteoblast cells
compared to the differentiated (35 reporters). This is in contrast to
PC-3 cells where co-culture with differentiated osteoblasts dominates
the differential expression with 340 reportes while there are only 11
in the case of undifferentiated (Table 3). However, no expressional
changes associated with apoptosis in DU-145 could be found.

Expression of cancer relevant genes is altered in prostate
cancer cells by co-culture with differentiated osteoblasts

With the Affymetrix® protocol, the GeneTools method (GO)
showed that a number of gene classes were noticeably affected by
o-culture model (Table 2). It is interesting that gene classes associated
with the regulation of apoptosis in PC-3 cells seem to be affected
by co-culture with differentiated osteoblasts. In addition, the cell-
matrix adhesion gene class was noticeable affected, with repression
of several adhesion molecules.

With the Illumina® array protocol, the GO-analysis reveals
specific Gene Ontology terms over-represented in the list of
significant reporters. There was no significant overlap between the
results of the [llumina and Affymetrix platform when considering

down- and up-regulated lists of reporters separately, however, when
considering the regulation jointly as a list of differential regulated
reporters the Go-Term " Regulation of caspase” (G0:0043281) was
found in common. Of 41 genes belonging to this GO, 6 genes were
affected by co-culturing (Table 4).

Discussion

Recent advance in prostate cancer research has led to an
increasing body of knowledge, but key pieces are still lacking in the
puzzle. Advances in clinical treatment of patients have up to now
been achieved by optimization of available conventional therapies
which have been used for many years. Prostate cancer is deceptively
refractory to conventional cancer drugs, which have mainly been
conceived as inhibitors of cell division. Considering the large number
of deaths caused by this disease, a search for alternative therapeutic
targets is highly warranted. A better understanding of the complex
mechanisms governing the properties of cancer cells and their
interactions with the rest of the organism is expected to be crucial
in this respect. In order to metastasize to the skeleton, prostate
cancer cells must detach from the primary tumor site, move to the
location, and attach to bone tissue, whereupon they must survive and
continue to proliferate and extend into the available space in the new
environment. All these steps probably involve several events, some of
which may constitute potential targets for efficient pharmaceutical
manipulation.

Apparently several cell types are involved in prostate cancer cells’
homing, but there is evidence that osteoblasts act as key triggers for
the spread to bone, due to the fact that prostate cancer often forms
osteoblastic metastases. Osteoblasts build bone, and in this process
they may secrete substances that could potentially affect cancer
cells [17,28,29,30,31,32,33]. Although only the mature osteoblasts
participate actively in bone production, many different differentiation
stages of osteoblasts are present in bone tissue.

In the present investigation we hypothesised that there is mutual
interplay between prostate carcinoma cells and the predominant
bone cell type: the osteoblast. In order to examine the effect of
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osteoblasts on prostate cancer cells we established an artificial co-
culture model allowing the exchange of soluble chemical substances
between the two cell types. After the co-culture period, we examined
possible gene expression changes induced by the medium contact.
A large number of changes in the prostate cancer cells thus may
indicate a complex collaboration between cancer cells and host
microenvironment in bone.

A main point in our investigation is the observation that
differentiation status in osteoblasts plays a crucial role for the PC-3
and DU-145 gene expression pattern produced by co-culturing, even
though the differentiation status in osteoblasts influence the two
cell lines in a different manner. However, no expressional changes
associated with apoptosis in DU-145 could be found, which indicate
that the PC-3 cells (originally isolated from a bone metastasis)
seems to be more sensitive to ant-apoptotic signaling produced by
differentiated ostoblast than the brain lesion cell line DU-145. We also
demonstrate that the choice of array platform protocol is crucial for
the total number of gene transcript differential expressed. However,
it is of very importance that the GO- term “caspase regulation” is
common for both platforms, which indicates that the picture drawn is
biologically representative, rather than a technical artefact.

Very few studies that have investigated this type of interactions
have described differentiation of osteoblasts, and specifically
established the mature bone-producing phenotype. Our results
points out the matter of necessity to strictly determine the
osteoblasts differentiation status before co-culturing such cells with
prostate epithelia. It seems clear that it is very important to do this
determination, especially when using hFOB1.19 which have been
shown to possess stem cell-like characteristics and may reflect a
more osteoprogenitor-like phenotype. Based on the differences in
experimental designs between our study and similar investigations,
it is difficult to compare our results with other studies due to the
use of differentiated phenotype. However, our results point out
that several changes influence the ability of prostate cancer cells to
survive, in respect to the observed repression of positive regulators
of apoptosis. Our results also show that genes relevant to cell-matrix
adhesion processes are considerable affected by the co-culturing with
differentiated osteoblasts. Interestingly, previous studies suggest
that the spread of prostate cancer to bone is supported by altered
expression of specific cell adhesion molecules [34,35].

Because of the complexity of the metastasis process, it is a huge
challenge to elucidate the interplay between prostate carcinoma
cells and their favourite homing site in the skeletal system. Currently,
experiments are in progress to determine how cells translate the
changes in gene expression patterns into phenotypic alterations.
Hopefully, the increased knowledge about malignant epithelial cells’
behaviour will open doors for new treatment strategies against
the cancer’s primary characteristic, namely its ability to invade
into neighbouring tissue and secondarily its ability to form distant
metastasis. Obviously, further studies are needed to throw light on
these processes, but the result reported in this publication gives
strength to the hypothesis that interactions between prostate cancer
cells and mature bone-producing osteoblasts might be potential
targets when developing new cancer therapy strategies.
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