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Abstract

Bone metastasis is a lethal phenotype of advanced stage prostate cancer that is demonstrated in 85% of all related deaths. Considered as an
early event, steroid hormone ratio changes that occur during andropause may result in a disruption in the homeostatic osteoblast-osteoclast
interplay that promotes bone colonization. Aberrant expression of fibroblast growth factors (FGFs) and their receptors (FGFRs) function initiate
the activation of downstream pathways that play an intrinsic role in the induction, proliferation, de-differentiation, angiogenesis and survival of the
tumorigenic prostate cells. To investigate the molecular mechanism of FGF action, pathways, receptors, and interactions with paracrine/autocrine
factors, we established a coculture model, using androgen-sensitive LNCaP and androgen-resistant C4-2 cells, to examine the role of osteoblast
and osteoclast precursors within the bone microenvironment during the progression from androgen-dependence to androgen-independence
and metastasis. As an interaction model of prostate cancer cells during osteogenesis, we performed the coculture assays of LNCaP and C4-2
cells with the osteoblast precursor line human Saos-2 cells and the osteoclast line human Thp-1 cells. We identified the FGFs, FGFRs, and
downstream pathways that are induced by the presence of osteoblast and osteoclast precursors in androgen-sensitive and androgen-resistant
prostate cancer tumor cell lines. Our findings are consistent with the changes in cell proliferation of cancer epithelial cells in the context of
the osteoblast/osteoclast microenvironment. This innovative use of the coculture system is suitable for different research purposes, including
pharmacological studies on hormone agonist/antagonist action for androgens, estrogens, glucocorticoids and Vitamin D nuclear receptor and
coactivator/corepressor function in the context of bone stroma during tumor progression of prostate cancer to androgen independence and bone
metastasis.

Introduction

Bone metastasis represents a lethal phenotype of advanced stage prostate cancer. Among the prostatic cancer-related deaths, 85% of the
cases demonstrate the presence of bone metastasis1,2. Considered as an early event in patients with colonized bone metastasis, this metastasis
may be activated presumably by the shift in steroid hormone ratios during andropause3,4. Active prostatic bone metastasis is characterized by
osteoblastic activity occurring directly adjacent to the prostatic tumor tissue, and in proximity to the hip, spine, and pelvic bones3,4,5. Steroid
hormone ratio changes furthermore result in a disruption in the homeostatic osteoblast-osteoclast interplay that promotes bone colonization6.

Prostate tumorigenic involvement of the bone may occur early in progression, and disseminated cells can be detected in the bone marrow niche
in lower Gleason grades of the primary tumor7,8. Within this changed prostate-bone microenvironment, prostate cancer cells secrete paracrine
factors, including bone morphogenetic protein (BMP) and transforming growth factor-beta (TGFβ), that modulate osteoblast differentiation9,10.
TGF beta and BMP interact synergistically with fibroblast growth hormones (FGFs) to promote osteolytic and osteoblastic lesions for the
establishment of a metastatic bone niche6,11. Fibroblast growth factors (FGFs) are a family of 23 polypeptide growth factor ligands that have
been well recognized for their paracrine or autocrine actions in the development of prostatic cancer12. Consisting of seven sub-families (1;
4; 7; 8; 9; 11 and 19), FGFs bind to cell-surface high-affinity tyrosine kinase receptors (FGFRs), which upon ligand binding, form dimers to
transphosphorylate and activate the intracellular tyrosine kinase domains13,14. Aberrant expression of FGFs and their receptors function initiates
the activation of downstream pathways, such as mitogen-activated protein kinase (MAPK), phosphoinositide 3-kinase (PI3K) and phospholipase
Cγ (PLCγ), that result in the induction, proliferation, de-differentiation, angiogenesis and survival of the tumorigenic prostate cells15,16.

To further understand the molecular mechanism of FGF action, pathways, receptors, and interactions with paracrine/autocrine factors, we
established a coculture model, using androgen-sensitive Lymph Node Carcinoma of the Prostate (LNCaP) cells and androgen-resistant C4-2
cells, a subline of LNCaP cells that proliferate in a low androgen or castrated nude mice environment, to examine the role of osteoblast and
osteoclast precursors within the bone microenvironment during the progression from androgen-dependence to androgen-independence and
metastasis. As an interaction model of prostate cancer cells during osteogenesis, we performed coculture assays of LNCaP and C4-2 cells with
the osteoblast precursor line human Sarcoma Osteogenic (Saos-2) cells and the osteoclast human monocytic leukemia cell line (Thp-1) cells.
The Saos-2 cell line, originally derived from an 11-year old Caucasian osteosarcoma patient, has been well documented and widely accepted
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for the study of osteoblastic differentiation and molecular interactions17. Osteoblasts synthesize and remodel bone through the secretion of
matrix proteins and mineralization that is associated with bone metastasis in prostate cancer, often referred to as "seed and soil"18,19. The Saos-2
line is appropriate for the effect of osteoblastic activity studies as this cell type secretes bone-specific proteins as osteopontin and can produce
mineralized bone extracellular matrix20. The monocyte-like Thp-1 cell line, derived from a pediatric patient with acute monocytic leukemia, can
be differentiated into osteoclast cells upon the stimulation with phorbol myristate acetate (PMA) and/or Vitamin D3 precursors21,22,23. Although
prostate cancer in bone is described as an osteoblastic disease due to the close interaction with osteoblasts in a paracrine manner, osteoclasts
may be also very relevant for an early modulator of the establishment of the metastatic bone niche24.

This coculture system is suitable for different research purposes, including pharmacological studies on hormone agonist/antagonist action
for the nuclear receptor and coactivator/corepressor function of androgens, estrogens, glucocorticoids and Vitamin D in the context of bone
stroma during tumor progression of prostate cancer to androgen independence and bone metastasis. This experimental design to control the
absence and presence of different ligands in both cellular compartments enables a better understanding of the potential mechanism(s) by
which hormones and bone-derived stromal cells regulate gene expression of specific gene networks for growth factors and nuclear receptor(s)
activation and regulation of transcription in a short term paracrine fashion with bone-derived cells in metastasis. Therefore, this in vitro model
identifies and characterizes potential molecular mechanisms that may be relevant to the progression of prostate cancer upon the arrival of
circulating tumor cells to the bone metastasis niche.

Protocol

1.Cell Models

1. Prostate Cancer Cell Types: Use LNCaP cells for an androgen dependent or androgen sensitive cell line. Use C4-2 cells for androgen
independent and recurrent tumor cells.

2. Bone Stroma Derived Osteoblasts Saos-2 and Osteoclasts Thp-1 Cells: Use Saos-2 cell line derived from human osteosarcoma in the
presence of calcitriol to represent a model for osteoblast precursors. Use the Thp-1 cell line to represent macrophage-like cells that mimic
monocyte-derived macrophages and multinucleated osteoclast-like cells in the presence of phorbol esters (PMA) and vitamin D3.
 

NOTE: Besides the number of bone-derived cell lines available in banking facilities, there are no established cell lines that represent human
osteoblast and osteoclast differentiation. Therefore, for these studies, it is important is to consider the use of specific cell culture systems
commerically available to isolate, propogate and differentiate human osteoclast and osteoblast precursors, as primary cell cultures previously
described elsewhere.

2.Cell Cultures

NOTE: All of the following steps are performed under sterile conditions in a biosafety level 2 (BSL2) tissue culture hood.

1. Cell Cryopreservation and Thawing
 

Note: All cell lines used (LNCaP, C4-2, Soas-2 and THP-1) were cryopreserved under liquid nitrogen conditions at -180 °C. Cells can also
be stored at -80 °C freezers for up to one year without any changes in cell viability as assessed by trypan blue exclusion assay. The thawing
process to propagate cells must be performed fast by warming the cryogenic tubes at 37 °C for a maximum of 5 min.

1. Store LNCAP, C4-2 and Saos-2 cells in 2 mL cryogenic vials containing 1.5 mL of the cell suspension, with 3-4 106 cells per tube. Thaw
the cryogenic vials at 37 °C for a maximum of 5 min.

2. Transfer the cells to a 15 mL conical centrifuge tube containing 10 mL of RPMI/DMEM culture medium mix (1:1 ratio).
3. Resuspend the Thp-1 cells at 2-4 x 105 cells/mL in RPMI media only. Unless otherwise indicated, supplement all tissue culture media

with phenol red as pH indicator, 10% fetal bovine serum (FBS), 1% L-glutamine (0.5 mg/mL), 1% penicillin/streptomycin (100x stock
solution) and 1% fungizone.
 

Note:The thawing procedure is important as dimethyl sulfoxide (DMSO) is used as cryopreservant.
4. Centrifugate the LNCaP, C4-2, Saos-2 and Thp-1 cells in their respective conical centrifuge tubes at 800 x g for 5 min at room

temperature in a swing bucket rotor, and then remove the supernatant by aspiration.
5. Wash the centrifuged cells by resuspending the cell pellet in 10 mL of RPMI and centrifuge again at 800 x g for 5 min at room

temperature in a swing bucket rotor.
 

NOTE: The resulting cell pellet is ready for resuspension in the specific media for each cell type.

2. Prostate Cancer Single Cell Culture
1. Resuspend the LNCaP and C4-2 cell pellets (step 2.1) in 1 mL of RPMI/DMEN mix media supplemented as above (step 2.1.3), using a

filtered micropipette tip (p1000).
2. Transfer 500 µL of each cell suspension to a 10 cm tissue culture plate that contains 10 mL of RPMI/DMEM supplemented as above

(step 2.1.3).
3. Transfer the tissue culture plates to a 37 °C incubator under 5% CO2 and 90% humidity.

1. During the transfer to the incubator, be careful not to splash the cells. Do not remove the plates from the incubator until the
following day. Check the adherence and confluency of the cells after 24 h incubation.

4. Change the media at least twice a week and maintain the cells at 37 °C until reaching 80% confluence, usually in 10 days.
 

NOTE: To change the media for the adherent LNCAP and C4-2 cells, the culture medium is aspirated using a vacuum pump system in
the tissue culture hood.

5. Wash the cells by adding 5 mL of phosphate buffered saline (PBS) at pH 7.4 and swirling the plate.
6. Remove the PBS by aspiration and add 10 mL of fresh culture medium corresponding to each cell line type using a 10 mL disposable

pipette.
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3. Bone-Derived Osteoblasts Saos-2 and Osteoclast Thp-1 Single Cell Culture:
 

Note: The Saos-2 cells are adherent cells and are cultured under the same conditions as LNCaP and C4-2 cells. Thp-1 cells proliferate in
suspension and are cultured with RPMI media supplemented with phenol red as pH indicator, 10% fetal bovine serum (FBS), 1% L-glutamine
(0.5 mg/mL), 1% penicillin/streptomycin (100x stock solution) and 1% fungizone.

1. Thaw the cells, transfer to a 100 mm tissue culture plate containing 10 mL of RPMI supplemented media and incubate at 37 °C. Check
the cells every day until the cells reach confluency of 80%.
 

NOTE: Thp-1 cells proliferated in suspension are not firmly adherent to the tissue culture flask. Therefore, change the media by
replacing half of the upper volume every 2 days. The cells reach 50% confluency after 10 days culture, as the replication rate is lower
compared to LNCaP, C4-2 and Saos-2. It's better to change the culture medium by aspiration using a 10 mL pipette and suspending
the cells in a 15 mL conical centrifuge tube.

2. Centrifuge the cells at 800 x g for 5 min at room temperature. Aspirate the supernatant. Add 1 mL of RPMI supplemented medium to
resuspend the cells using filtered tips.

3. Transfer the cells to the original 75 cm2 flask containing the remaining Thp-1 cells and supplement with 10 mL of fresh RPMI media.
 

NOTE:Steps 2 and 3 decrease the loss of cells when changing the RPMI supplemented media every 2 to 3 days.

4. Cell Harvesting
1. Aspirate the media from the plates containing LNCaP, C4-2 and Saos-2 cells using the vacuum pump and wash with 5 mL of PBS to

remove FBS.
2. Aspirate the PBS and treat the cells with 1 mL of trypsin (1x: 0.25% trypsin and 1 mM EDTA in PBS) for 5 min at 37 °C.
3. Tap the plates, after the incubation, to ensure the cells are detached, and add 3 mL of FBS to inactivate the trypsin. Transfer the

resuspended cells immediately using a p1000 micropipette to a 15 mL conical centrifuge tube.
4. Centrifuge the cells at 800 x g for 5 min at room temperature and resuspend with 2 mL of RPMI to determine the number and viability

of the cells using trypan blue exclusion assay in a Neubauer chamber.
 

Note: Live cells that exclude the trypan blue in each quadrant of the Neubauer chamber are counted in each of the 4 quadrants. The
average number of cells is multiplied by the dilution factor of 20,000. The result is the number of viable cells per each milliliter of media.
The number of experiments will depend on the number of cells obtained. LNCaP and Thp-1 can be expanded using 1:2 dilutions. The
C4-2 and Saos-2 cells can be expanded using 1:3 dilutions during each passage. The passage number is critical for LNCaP, Saos-2
and Thp-1 cells.

5. Resuspend the Thp-1 cells by aspirating the media up and down several times. Perform the trypsin digestion for 1-2 min, as described
in steps 2.4.1 to 2.4.4, as Thp-1 cells grow in suspension and are lightly attached to the tissue culture plate surface.

3. Co-Culture Assays and Hormone Treatments

1. Seed the LNcaP and C4-2 cells into a 12-well plate format (diameter of 22.1 mm for each well), with 2 x 105 cells in each well. First, add 1 mL
of DMEM/RPMI supplemented media to each well and add the resuspended cells on top. Swirl the plate to spread the cells.

2. Seed the Saos-2 and Thp-1 cells at 1 x 105 cells per well, using the insert for the 12-well transwell coculture system (diameter of 12 mm for
each insert) with the supplemented media for each cell type.

3. Incubate for 24 h at 37 °C in a 5% CO2 incubator.
 

NOTE: The cells reach confluence after 24-36 h incubation.
4. Synchronize the cells for an additional 24 h at 37 °C in the 5% CO2 incubator by changing the media to RPMI, which is free of phenol red and

without FBS.
 

NOTE: Cells synchronize in G0 due to reduced levels of FBS and confluency. At this point, cells are ready for several downstream
experiments, including hormone treatment, DNA/RNA isolation, protein purification and transcription assays.

5. Change the media to phenol red-free RPMI supplemented with 10% dextran-coated charcoal treated FBS (cdFBS) containing ethanol as
control, 10 nM dihydrotestosterone (DHT), or DHT in the absence or presence of 100 nM androgen antagonists flutamide or bicalutamide.
 

NOTE: Working hormone solutions are prepared just before use as the hydrophobic ligands will bind to the plastic walls of the conical
centrifuge tubes. In general, each experimental condition requires 10 mL of RPMI supplemented with 10% cdFBS (RPMI/cdFBS).

6. Add 10 mL of RPMI/cdFBS to a 15 mL conical centrifuge tube and add 11 µL of filter sterilized ethanol as control for the wells without ligands.
Add 10 µL of ethanol and 1 µL of 10-4 M DHT working stock solution to another 10 mL of media for the 10 nM DHT treatment of the cells.
 

NOTE: For antagonist treatment, the ethanol is replaced by 10 µL of 10 mM flutamide or bicalutamide working solution to obtain the 10 nM
DHT treatment in the presence of 100 nM antagonist flutamide or bicalutamide (Figure 1). In the lower chamber of the coculture, use 1 mL of
RPMI/cdFBS media, and 0.5 mL in the upper chamber or insert (Figure 1).

7. Incubate the cells for 36 h in the 5% CO2 incubator at 37 °C before harvesting for downstream assays, as described in step 5.

4. Cell Harvesting in the Co-Culture System

1. Wash the cells with 300 µL of 1x PBS in each well prior to the treatment with 100 µL of 1x trypsin, for 5 min in the 5% CO2 incubator at 37 °C.
2. Add 300 µL of FBS to inactivate trypsin and transfer the entire volume of each well into 1.5 mL properly labeled centrifuge tubes for each

condition.
3. Centrifuge at 800 x g for 5 min at 4 °C. Aspirate the supernatant, carefully leaving the cellular pellet intact for an additional wash with 300 µL

of 1x PBS.
4. Fix the cells, resuspending the pellet in 500 µL of 4% paraformaldehyde (PFA) for 30 min at 4 °C.
5. Wash the fixed cells by resuspending the cell pellet in 10 mL of PBS.

5. Downstream Assays Following Hormone Treatments

1.  Cell Proliferation
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1. Perform mitotic index coupled to flow cytometry assay using mitosis-specific phosphorylation of histone H3-phosphorylated (p) Serine
10 labeling and propidium iodide incorporation to quantitate mitotic index and DNA content.
 

NOTE:The anti-HistoneH3 pSer10 antibody is a rabbit monoclonal directly conjugated to the green fluorescent dye that specifically
labels mitotic cells. Propidium iodide staining of DNA is the classic means of cell cycle analysis by DNA content.

2. Resuspend the pellet above in 200 µL of 1x permeabilization solution (20 µL of triton X-100 to 1.98 mL of 5% BSA blocking solution) for
5 min at room temperature, previous to the antibody treatment and IP staining assays.
 

NOTE:This is to permeabilize the cells for the incorporation of the antibody within the fixed cells.

2. Flow Cytometry
1. Calibrate the flow cytometer (using beads containing 6 and 8 different peak) for green fluorescent dye in the FL-1 channel (Ex/

Em: 495/519nm) and propidium iodide fluorescence in FL-2 channel (Ex/Em: 493/636nm) to determine proliferation rate and DNA
incorporation (cell cycle), respectively.

2. Analyze each sample using the histogram of four quadrants after 10,000 events.

3. Global Gene Expression Profiling
1. Isolate total RNA using an RNA purification kit (for isolating high-quality total RNA) from each lower and an upper transwell by adding

500 µL of tryzol reagent directly to lyse the cells.
2. Reverse transcribe mRNA to cRNA using biotin-UTP labelled nucleotide and a kit that is a complete system for generating biotinylated,

amplified RNA for hybridization.
3. Hybridize the biotinylated cRNAs to a high-density silica bead-based microarray for differential gene expression, which has a capacity

for the analysis of above 34,000 genes.
4. Scan the array in the bead array reader. Ccalculate the relative changes in mRNA gene expression using fold change (FC).
5. Use the free distribution software MultiExperiment Viewer v4.9 (tm4MeV) to analyze changes in gene expression using heat maps25.

 

NOTE: Genes with FC≥|1.9| are considered to be significant and subject to heat map and Venn diagrams analysis.

Representative Results

The coculture method was optimized to determine the effect of hormone on prostate cancer progression to recurrence, in the context of bone
stroma derived osteoblasts and osteoclasts cells. Although the scheme and timing of the cell coculture model is relatively complex due to the
different rates of proliferation for each cell type, it is possible to achieve a sufficient number of cells to perform the specific experiments in the
range of 2-3 months. Therefore, the propagating and maintenance of cell stock in culture is very important. As depicted in Figure 1, the prostate
cancer LNCaP/C4-2 pair and the osteoblast (Saos-2)/osteoclast (Thp-1) precursors pair are propagated under specific cell culture conditions
(Figure 1A). When the estimated number of cells is reached, and the confluency is close to 80-90%, the cells are subjected to trypsin digestion,
and seeded overnight in the 12-well format for LNCaP/C4-2 cells, and in the transwell format for Saos2/Thp-1 cells (Figure 1A). Synchronization
of the seeded cells is achieved using RPMI media without serum for 24-36 h (Figure 1A). The use of media without phenol red is very important
to avoid estrogenic and cortisol agonistic activity of the pH indicator. To determine the effect of Saos-2 or Thp-1 in the absence or presence
of different hormone agonists and antagonists on nuclear receptor mediated transcriptional activity or other downstream experiments, the
cells are incubated with charcoal dextran coated fetal bovine serum to reduce and maintain low levels of circulating sex steroid hormones
normally present in the regular fetal bovine serum (Figure 1B). The diagram (Figure 1B) describes an experiment whereby the effect of Saos-2
and Thp-1 on AR mediated transcriptional activity was determined in the absence and presence of the androgen antagonists flutamide and
bicalutamide.

The model coculture shows that the proliferation rate in LNCaP and C4-2 is increased when in coculture with Saos-2 cells, as assessed by
propidium iodine incorporation and flow cytometry (Figure 2A). The effect of short-term coculture in the propidium iodine incorporation in LNCaP
and C4-2 due to the presence of Thp-1 is a minor decrease (Figure 2A). Confocal microscopy indicates that Saos-2 cells modify AR and SRC-1
coactivator immune localization (Figure 2B). However, the molecular mechanisms and the biological consequences of altering or modifying
the coregulator interactions with the receptor is still under investigation. The effect of Saos-2 and Thp-1 cells on the global gene expression in
both prostate cancer cell lines was studied in the absence and presence of androgens using a high-density silica bead-based microarray for
differential gene expression, which has a capacity for the analysis of over 34,000 genes.

The Figure 3 represents changes in gene expression for fibroblasts growth factor (FGFs), their receptors (FGFRs), and the downstream
pathways that results from FGFR activation. The Saos-2 cells increase FGF20 and FGF1 in LNCaP (Figure 3A). However, Thp-1 increases
FGF2 expression, in a ligand dependent manner. The ligand-dependent activation of PLCG2 is repressed by both Saos-2 and Thp-1 (Figure
3B). The expression of the modulator of proliferation SPRY3 is increased in the presence of Saos-2 only (Figure 2B). The expression changes
in C4-2 differ from LNCaP. Specifically, Saos-2 increases the expression of FGF2 and FGFR2 (Figure 3C). Thp-1 increases the expression of
several FGFs, including FGF14; 8; 11; and 12 (Figure 3C). These changes in gene expression appear relevant for changes in proliferation as
Saos-2 decreases expression of SPRY3 and increase expression of Sos2 (Figure 3D).
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Figure 1: Representative diagram of the osteoblast and osteoclast coculture model for prostate cancer bone metastasis in vitro. (A)
The step-1 outline the model of monocultured cell in 10 cm plates for prostate cancer (LNCaP and C4-2) and bone stroma derived osteoblastic
precursor Saos-2 cells. The osteoclastic precursors Thp-1 cells is propagated and maintained in a 75 cm2 tissue culture flask, as these cells are
non-adherent. After trypin treatment, cells can be seeded overnight in a 12-well format for prostate cancer cells and in the transwell system for
Saos-2 and Thp-1 cells. Then, cells are synchronized for 24 h using RPMI media that lack phenol red as pH indicator and without fetal bovine
serum. (B) In step 2, the transwell containing the Saos-2 and the Thp-1 cells are transferred to the 12-well format that contains the prostate
cancer cells to render the coculture system using the inserts. It is very important to plan ahead regarding whether the hormone treatment will be
performed upon transferring the insert to the 12-well format containing the tumor cells, or whether the treatment will be performed after 24 h of
cocultures. This pre-planning is important as the media containing hormone must be prepared just prior to use. The hormone treatment shown is
in absence (control) and presence of DHT (10 nM final concentration from 0.1 mM stock), and in combination with the anti-androgens flutamide
(F) and bicalutamide (B) at 100 nM final concentrations. Please click here to view a larger version of this figure.

 

Figure 2: Representative flow cytometry and confocal microscopy analysis of cancer cells in coculture. (A) Flow cytometry assays
were used to determine the changes in cell proliferation using the incorporation of propidium iodide (PI) and phosphorylation of H3-Ser (not
shown). The relative changes in PI incorporation indicate that Saos-2 cells change the proliferation rate of LNCaP and C4-2 cells, in the absence
of androgens. In the presence of Thp-1, the changes in PI incorporation in the tumor cells are minimal. (B) The expression of ligand-bound
androgen receptor and SRC-1 coactivator in C4-2 cells, either alone or in the presence of Saos-2 cells, was detected using Cy3-labelled
secondary antibodies for SRC-1 and FITC-labeled secondary antibody for androgen receptor (green). The Dapi staining was used as signal for
nuclear localization. The yellow signal in the nuclei of C4-2 indicated co-immune localization of AR and SRC-1. Please click here to view a larger
version of this figure.
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Figure 3. Representative effect of Saos-2 and Thp-1 on the androgen-induced gene expression for growth factors and their
downstream pathways. The changes in the global mRNA gene expression signatures induced by 10 nM DHT final concentration was
determined using total RNA isolated from LNCaP (A-B) and C4-2 (C-D) cells cultured alone (+/- DHT), or in combination with Saos-2 (+/- Saos-2)
or Thp-1 (+/- Thp-1) cells. The relative changes in gene expression were determined using fold change |FC|, by taking the measurement of the
signal obtained in the presence of ligand, and dividing it by the measurement of signal obtained in the absence of ligand. The ratio between the
signals was ranked and ordered to obtain a heat map of the changes in gene expression using the T4MeV software that provide a hierarchical
clustering with unsupervised analysis and Euclidean distance with average link. The heat maps highlight the low (green values) and increased
(red values) expression of specific genes. The hierarchization separated the expressions of LNCaP and C4-2 cells, depending upon the change
in expression (FC) when treated with hormone (DHT) and also in coculture with Saos-2 and Thp-1. The changes of growth factors (A and C) and
growth factor pathways (B and D) in LNCaP and C4-2, respectively, represent the effect of Saos-2 and Thp-1 in tumor cells. Please click here to
view a larger version of this figure.

Discussion

Current research has shown that while prostate cancer has often been described as being osteoblastic, there is also an osteoclastic interaction
due to the changes in the bone remodeling activity upon the arrival of circulating tumor cells. To further understand the mechanisms of
osteogenesis in the prostate microenvironment, we developed a coculture model (Figure 1) using the transwell system to examine the paracrine
effect of bone stroma-derived cells on androgen receptor mediated transcriptional activity, growth factors and their receptors expression, as well
as the effect on additional nuclear receptors and coregulators of RNA pol II mediated transcription (coactivators/corepresors). This model is
innovative for the initial testing of different products in all phases of development, from the initial prototype and patenting to potential clinical trials.

Prostate cancer cell type models representing the progression of prostate cancer to androgen independence, recurrence and bone metastasis
were used, and include the lymph node derived carcinoma of the prostate (LNCaP) that represents an androgen dependent or androgen
sensitive adenocarcinoma cell line. LNCaP is derived from a lymph node metastasis of a 50-year old patient. The LNCaP-C4-2B tumor cell line
(termed C4-2) represents the androgen independent, androgen-resistant or recurrent prostate tumor cells that can proliferate in the presence
of the low circulating levels of androgens. The C4/2 cell line was derived from LNCaP cells through tumor xenographts that acquired the
property to proliferate in castrated immune compromised nude male mice. A second system that represents prostate cancer progression to
androgen independence is the Case Western Reserve CWR22 cell and the CWR22R tumor pair. These cells can propagate as tumor xenografts
using SCID mice. In vitro studies are limited to primary cell cultures26. Two cell types that represent bone-derived osteoblasts and osteoclasts
were used to determine the effect on prostate cancer cells in a coculture transwell system. The Saos-2 tumor cell line is derived from human
osteosarcoma and can differentiate to osteoblasts in the presence of calcitriol to form mineralized matrixes in culture, representing a model for
osteoblast precursors. The Thp-1 tumor cell line is a human monocytic cell line derived from an acute monocytic leukemia patient and is used
as a monocyte model. Thp-1 cells can differentiate into macrophage-like cells, which mimic native monocyte-derived macrophages.In addition,
TRAP positive multinucleated osteoclast-like cells can be generated using high concentrations of PMA and Vitamin D3. Thus, the Saos-2 and
Thp-1 cellular models representing the osteoblast and monocyte-macrophage system can be used to determine the potential roles of bone
marrow activity and bone metastasis of prostate cancer cells.

Through the use of LNCaP and C4-2 cell lines, in conjuction with Saos-2 and Thp-1 cell lines that simulate osteoblasts and osteoclasts,
respectively, we were able to identify new regulatory sites in coregulators (small peptides) that interact with nuclear receptors in androgen-
sensitive and androgen-resistant prostate cancer tumor cells, in the absence and presence of increasing number of osteoblasts and osteoclasts
precursors (Figure 2). These precursors change the expression of genes involved in tumor progression through a mechanism that involves the
direct interaction of the activators with regulatory sites of the androgen receptor transcription complex (Figure 2 and 3), when in the context of
increased number of osteoblasts and osteoclasts precursors (Figure 2 and 3).

One critical step of the protocol is when Thp-1 cells are seeded and manipulated during the experimental processes. The Thp-1 cells grow
in suspension and do not attach as firmly to the tissue cultured plate as other cell types. The media must be changed twice a week, and the
change of media must be performed carefully to prevent cell loss. To address this challenge, we recommend aspirating the medium into a
new 50 mL conical centrifuge tube and spinning down at low speed to collect the floating cells. The new media added to this tube, which will
contain the cells in suspension, can be added back to the plate. Another critical experimental step is the hormone treatment of the plated cells.
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Specifically, cells need to be treated with media lacking the serum, or media containing charcoal dextran coated treated fetal bovine serum
(cdFBS), to lower circulating androgens and other sex steroid hormones, as well as additional small peptides and hormones present in the
untreated or regular fetal bovine serum. This 24 h treatment is important to lower the level of hormones in order to reach basal conditions for
gene expression, transcription activation, and growth factors expression that are secreted by the tumor cells in the absence and presence of
bone stroma derived cells, in an androgen-dependent manner. Time courses and increasing hormone concentrations, either androgens or other
hormones, are important variables to be considered to achieve results between 24, 36 and 48 or more hours, depending on the assessment and
the specific details of the experiment to be performed. In our case, short-term interactions for 36 h were sufficient to observe the changes in gene
expression due to the presence of androgens agonists and antagonists, in the absence or presence of Saos-2 and Thp-1 cells in cocultures.
Long-term exposure in the coculture condition are limited due to poor cell survival after two weeks. Nevertheless, long-term experiments may be
achieved using a different transwell format, such as the 10 cm plate. The use of direct cocultured cells further redefine the direct cell-cell contact
and interation between tumor cells and bone stroma derived cells. However, dissecting specific pathways using direct coculture for each cell
represents a barrier in defining what is occurring in each specific cell type. When the cells are together in coculture, they cannot be taken apart
efficiently, even with laser capture microscopy. This is the reason that the transwell method is highly relevant to define the specific change(s) in
each cell type in the context of paracrine signal in bone metastasis. The transwell system can also be used to determine cell migration of the
tumor cells plated on the transwell, and tagged with green or red flourescent protein encoded in mammalian expression vectors.

We intend to use this method to further analyze the effect of drugs, such as small peptides and other molecules, in addition to bicalutamide,
flutamide, and mifepristone, on the androgen receptor complex with coregulators and downstream pathways that enable cancer cells to colonize
and proliferate in the context of bone stroma osteoblasts and osteoclasts. We will use short-term cultures to mimic the interactions of circulating
tumor cells upon arrival to the bone stroma, as well as long-term cultures to determine changes in gene expression under different experimental
conditions. An important future step will be the use of differentiated osteoclasts and osteoblasts cells active in the remodelling of bone to mimic
the effect of bone matrix. Thus, we will be able to evaluate the effect of changing estrogen to androgen ratios on osteoclast/osteoblast activity
in the context of bone resorption and cancer cell proliferation during the progression to androgen independence, recurrence, and castration-
resistant state of the disease. Molecular medicine is the new frontier in the development of therapies for a curative and definitive cancer
treatment. The significant impact for the patients is to develop personalized treatments using primary or isolated circulating tumor cells, in order
to eliminate unnecessary, costly and ineffective treatments, as well as increase quality of life. Thus, the use of the in vitro coculture system has
the potential to change the paradigm of therapies focused on the androgen axis for androgen-resistant prostate cancer and other malignancies
such as breast cancer. The concept that altered pathways in an androgen regulated tumor microenvironment influence the proliferation of
epithelial cells through coregulators is innovative, and will generate an insightful perspective regarding the role of androgens and nuclear
receptor coregulators in carcinogenesis and bone metastasis.
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