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SHORT ABSTRACT: 30 
Prostate cancer bone metastasis is reactivated by fibroblast growth factors and nuclear 31 
receptor interactions, together with autocrine/paracrine factors in tumor microenvironment. A 32 
coculture cell model using the transwell system of cocultured cells was developed to determine 33 
the genes, FGFs and FGF receptors, potentially involved in the progression to bone metastasis. 34 
 35 
LONG ABSTRACT: 36 
Bone metastasis is a lethal phenotype of advanced stage prostate cancer that is demonstrated 37 
in 85% of all related deaths. Considered as an early event, steroid hormone ratio changes that 38 
occur during andropause may result in a disruption in the homeostatic osteoblast-osteoclast 39 
interplay that promotes bone colonization. Aberrant expression of fibroblast growth factors 40 
(FGFs) and their receptors (FGFRs) function initiate the activation of downstream pathways that 41 
play an intrinsic role in the induction, proliferation, de-differentiation, angiogenesis and survival 42 
of the tumorigenic prostate cells. To investigate the molecular mechanism of FGF action, 43 
pathways, receptors, and interactions with paracrine/autocrine factors, we established a 44 
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coculture model, using androgen-sensitive LNCaP and androgen-resistant C4-2 cells, to examine 45 
the role of osteoblast and osteoclast precursors within the bone microenvironment during the 46 
progression from androgen-dependence to androgen-independence and metastasis. As an 47 
interaction model of prostate cancer cells during osteogenesis, we performed the coculture 48 
assays of LNCaP and C4-2 cells with the osteoblast precursor line human Saos-2 cells and the 49 
osteoclast line human Thp-1 cells. We identified the FGFs, FGFRs, and downstream pathways 50 
that are induced by the presence of osteoblast and osteoclast precursors in androgen-sensitive 51 
and androgen-resistant prostate cancer tumor cell lines. Our findings are consistent with the 52 
changes in cell proliferation of cancer epithelial cells in the context of the osteoblast/osteoclast 53 
microenvironment. This innovative use of the coculture system is suitable for different research 54 
purposes, including pharmacological studies on hormone agonist/antagonist action for 55 
androgens, estrogens, glucocorticoids and Vitamin D nuclear receptor and 56 
coactivator/corepressor function in the context of bone stroma during tumor progression of 57 
prostate cancer to androgen independence and bone metastasis. 58 
 59 
INTRODUCTION 60 
Bone metastasis represents a lethal phenotype of advanced stage prostate cancer. Among the 61 
prostatic cancer-related deaths, 85% of the cases demonstrate the presence of bone 62 
metastasis1,2. Considered as an early event in patients with colonized bone metastasis, this 63 
metastasis may be activated presumably by the shift in steroid hormone ratios during 64 
andropause3,4. Active prostatic bone metastasis is characterized by osteoblastic activity 65 
occurring directly adjacent to the prostatic tumor tissue, and in proximity to the hip, spine, and 66 
pelvic bones3-5. Steroid hormone ratio changes furthermore result in a disruption in the 67 
homeostatic osteoblast-osteoclast interplay that promotes bone colonization6. 68 
  69 
Prostate tumorigenic involvement of the bone may occur early in progression, and 70 
disseminated cells can be detected in the bone marrow niche in lower Gleason grades of the 71 
primary tumor7,8. Within this changed prostate-bone microenvironment, prostate cancer cells 72 
secrete paracrine factors, including bone morphogenetic protein (BMP) and transforming 73 
growth factor-beta (TGFβ), that modulate osteoblast differentiation9,10. TGF beta and BMP 74 
interact synergistically with fibroblast growth hormones (FGFs) to promote osteolytic and 75 
osteoblastic lesions for the establishment of a metastatic bone niche6,11. Fibroblast growth 76 
factors (FGFs) are a family of 23 polypeptide growth factor ligands that have been well 77 
recognized for their paracrine or autocrine actions in the development of prostatic cancer12. 78 
Consisting of seven sub-families (1; 4; 7; 8; 9; 11 and 19), FGFs bind to cell-surface high-affinity 79 
tyrosine kinase receptors (FGFRs), which upon ligand binding, form dimers to 80 
transphosphorylate and activate the intracellular tyrosine kinase domains13,14. Aberrant 81 
expression of FGFs and their receptors function initiates the activation of downstream 82 
pathways, such as mitogen-activated protein kinase (MAPK), phosphoinositide 3-kinase (PI3K) 83 
and phospholipase Cγ (PLCγ), that result in the induction, proliferation, de-differentiation, 84 
angiogenesis and survival of the tumorigenic prostate cells15,16.  85 
 86 
To further understand the molecular mechanism of FGF action, pathways, receptors, and 87 
interactions with paracrine/autocrine factors, we established a coculture model, using 88 



androgen-sensitive Lymph Node Carcinoma of the Prostate (LNCaP) cells and androgen-89 
resistant C4-2 cells, a subline of LNCaP cells that proliferate in a low androgen or castrated nude 90 
mice environment, to examine the role of osteoblast and osteoclast precursors within the bone 91 
microenvironment during the progression from androgen-dependence to androgen-92 
independence and metastasis. As an interaction model of prostate cancer cells during 93 
osteogenesis, we performed coculture assays of LNCaP and C4-2 cells with the osteoblast 94 
precursor line human Sarcoma Osteogenic (Saos-2) cells and the osteoclast human monocytic 95 
leukemia cell line (Thp-1) cells. The Saos-2 cell line, originally derived from an 11-year old 96 
Caucasian osteosarcoma patient, has been well documented and widely accepted for the study 97 
of osteoblastic differentiation and molecular interactions17. Osteoblasts synthesize and remodel 98 
bone through the secretion of matrix proteins and mineralization that is associated with bone 99 
metastasis in prostate cancer, often referred to as “seed and soil"18,19. The Saos-2 line is 100 
appropriate for the effect of osteoblastic activity studies as this cell type secretes bone-specific 101 
proteins as osteopontin and can produce mineralized bone extracellular matrix20. The 102 
monocyte-like Thp-1 cell line, derived from a pediatric patient with acute monocytic leukemia, 103 
can be differentiated into osteoclast cells upon the stimulation with phorbol myristate acetate 104 
(PMA) and/or Vitamin D3 precursors21-23. Although prostate cancer in bone is described as an 105 
osteoblastic disease due to the close interaction with osteoblasts in a paracrine manner, 106 
osteoclasts may be also very relevant for an early modulator of the establishment of the 107 
metastatic bone niche24. 108 
 109 
This coculture system is suitable for different research purposes, including pharmacological 110 
studies on hormone agonist/antagonist action for the nuclear receptor and 111 
coactivator/corepressor function of androgens, estrogens, glucocorticoids and Vitamin D in the 112 
context of bone stroma during tumor progression of prostate cancer to androgen 113 
independence and bone metastasis. This experimental design to control the absence and 114 
presence of different ligands in both cellular compartments enables a better understanding of 115 
the potential mechanism(s) by which hormones and bone-derived stromal cells regulate gene 116 
expression of specific gene networks for growth factors and nuclear receptor(s) activation and 117 
regulation of transcription in a short term paracrine fashion with bone-derived cells in 118 
metastasis. Therefore, this in vitro model identifies and characterizes potential molecular 119 
mechanisms that may be relevant to the progression of prostate cancer upon the arrival of 120 
circulating tumor cells to the bone metastasis niche. 121 
 122 
PROTOCOL: 123 
 124 
1. Cell Models 125 
 126 
1.1.  Prostate Cancer Cell Types: Use LNCaP cells for an androgen dependent or androgen 127 
sensitive cell line. Use C4-2 cells for androgen independent and recurrent tumor cells. 128 

 129 
1.2.  Bone Stroma Derived Osteoblasts Saos-2 and Osteoclasts Thp-1 Cells: Use Saos-2 cell 130 
line derived from human osteosarcoma in the presence of calcitriol to represent a model for 131 
osteoblast precursors. Use the Thp-1 cell line to represent macrophage-like cells that mimic 132 



monocyte-derived macrophages and multinucleated osteoclast-like cells in the presence of 133 
phorbol esters (PMA) and vitamin D3.  134 
 135 
Note: Besides the number of bone-derived cell lines available in banking facilities, there are no 136 
established cell lines that represent human osteoblast and osteoclast differentiation. Therefore, 137 
for these studies, it is important is to consider the use of specific cell culture systems 138 
commerically available to isolate, propogate and differentiate human osteoclast and osteoblast 139 
precursors, as primary cell cultures previously described elsewhere. 140 
 141 
2. Cell Cultures 142 
 143 
Note: All of the following steps are performed under sterile conditions in a biosafety level 2 144 
(BSL2) tissue culture hood. 145 
 146 
2.1. Cell Cryopreservation and Thawing 147 
 148 
Note: All cell lines used (LNCaP, C4-2, Soas-2 and THP-1) were cryopreserved under liquid 149 
nitrogen conditions at -180 °C. Cells can also be stored at -80 °C freezers for up to one year 150 
without any changes in cell viability as assessed by trypan blue exclusion assay. The thawing 151 
process to propagate cells must be performed fast by warming the cryogenic tubes at 37 °C for 152 
a maximum of 5 min.  153 
 154 
2.1.1  Store LNCAP, C4-2 and Saos-2 cells in 2 mL cryogenic vials containing 1.5 mL of the cell 155 

suspension, with 3-4  106 cells per tube. Thaw the cryogenic vials at 37 °C for a maximum of 5 156 
min. 157 
 158 
2.1.2. Transfer the cells to a 15 mL conical centrifuge tube containing 10 mL of RPMI/DMEM 159 
culture medium mix (1:1 ratio).  160 
 161 
2.1.3. Resuspend the Thp-1 cells at 2-4 x 105 cells/mL in RPMI media only. Unless otherwise 162 
indicated, supplement all tissue culture media with phenol red as pH indicator, 10% fetal bovine 163 
serum (FBS), 1% L-glutamine (0.5 mg/mL), 1% penicillin/streptomycin (100x stock solution) and 164 
1% fungizone.  165 
 166 
Note: The thawing procedure is important as dimethyl sulfoxide (DMSO) is used as 167 
cryopreservant.  168 
 169 
2.1.4. Centrifugate the LNCaP, C4-2, Saos-2 and Thp-1 cells in their respective conical 170 
centrifuge tubes at 800 x g for 5 min at room temperature in a swing bucket rotor, and then 171 
remove the supernatant by aspiration. 172 
 173 
2.1.5. Wash the centrifuged cells by resuspending the cell pellet in 10 mL of RPMI and 174 
centrifuge again at 800 x g for 5 min at room temperature in a swing bucket rotor.  175 
 176 



Note: The resulting cell pellet is ready for resuspension in the specific media for each cell type. 177 
 178 
2.2.  Prostate Cancer Single Cell Culture 179 
 180 
2.2.1.  Resuspend the LNCaP and C4-2 cell pellets (step 2.1) in 1 mL of RPMI/DMEN mix media 181 
supplemented as above (step 2.1.3), using a filtered micropipette tip (p1000).  182 
 183 
2.2.2.  Transfer 500 μL of each cell suspension to a 10 cm tissue culture plate that contains 10 184 
mL of RPMI/DMEM supplemented as above (step 2.1.3). 185 
 186 
2.2.3. Transfer the tissue culture plates to a 37 °C incubator under 5% CO2 and 90% humidity.  187 
 188 
2.2.3.1. During the transfer to the incubator, be careful not to splash the cells. Do not remove 189 
the plates from the incubator until the following day. Check the adherence and confluency of 190 
the cells after 24 h incubation.  191 
 192 
2.2.4. Change the media at least twice a week and maintain the cells at 37 °C until reaching 193 
80% confluence, usually in 10 days.  194 
 195 
Note: To change the media for the adherent LNCAP and C4-2 cells, the culture medium is 196 
aspirated using a vacuum pump system in the tissue culture hood.  197 
 198 
2.2.5. Wash the cells by adding 5 mL of phosphate buffered saline (PBS) at pH 7.4 and swirling 199 
the plate. 200 
 201 
2.2.6. Remove the PBS by aspiration and add 10 mL of fresh culture medium corresponding to 202 
each cell line type using a 10 mL disposable pipette. 203 
 204 
2.3.  Bone-Derived Osteoblasts Saos-2 and Osteoclast Thp-1 Single Cell Culture:  205 
 206 
Note: The Saos-2 cells are adherent cells and are cultured under the same conditions as LNCaP 207 
and C4-2 cells. Thp-1 cells proliferate in suspension and are cultured with RPMI media 208 
supplemented with phenol red as pH indicator, 10% fetal bovine serum (FBS), 1% L-glutamine 209 
(0.5 mg/mL), 1% penicillin/streptomycin (100x stock solution) and 1% fungizone. 210 
 211 
2.3.1 Thaw the cells, transfer to a 100 mm tissue culture plate containing 10 mL of RPMI 212 
supplemented media and incubate at 37 °C. Check the cells every day until the cells reach 213 
confluency of 80%. 214 
 215 
Note:  Thp-1 cells proliferated in suspension are not firmly adherent to the tissue culture flask. 216 
Therefore, change the media by replacing half of the upper volume every 2 days. The cells 217 
reach 50% confluency after 10 days culture, as the replication rate is lower compared to LNCaP, 218 
C4-2 and Saos-2. It’s better to change the culture medium by aspiration using a 10 mL pipette 219 
and suspending the cells in a 15 mL conical centrifuge tube.  220 



 221 
2.3.2  Centrifuge the cells at 800 x g for 5 min at room temperature. Aspirate the supernatant. 222 
Add 1 mL of RPMI supplemented medium to resuspend the cells using filtered tips. 223 
 224 
2.3.3 Transfer the cells to the original 75 cm2 flask containing the remaining Thp-1 cells and 225 
supplement with 10 mL of fresh RPMI media.  226 
 227 
Note: Steps 2 and 3 decrease the loss of cells when changing the RPMI supplemented media 228 
every 2 to 3 days. 229 
  230 
2.4 Cell Harvesting 231 
 232 
2.4.1  Aspirate the media from the plates containing LNCaP, C4-2 and Saos-2 cells using the 233 
vacuum pump and wash with 5 mL of PBS to remove FBS.  234 
 235 
2.4.2 Aspirate the PBS and treat the cells with 1 mL of trypsin (1x: 0.25% trypsin and 1 mM 236 
EDTA in PBS) for 5 min at 37 °C. 237 
 238 
2.4.3  Tap the plates, after the incubation, to ensure the cells are detached, and add 3 mL of 239 
FBS to inactivate the trypsin. Transfer the resuspended cells immediately using a p1000 240 
micropipette to a 15 mL conical centrifuge tube. 241 
 242 
2.4.4  Centrifuge the cells at 800 x g for 5 min at room temperature and resuspend with 2 mL 243 
of RPMI to determine the number and viability of the cells using trypan blue exclusion assay in a 244 
Neubauer chamber.  245 
 246 
Note: Live cells that exclude the trypan blue in each quadrant of the Neubauer chamber are 247 
counted in each of the 4 quadrants. The average number of cells is multiplied by the dilution 248 
factor of 20,000. The result is the number of viable cells per each milliliter of media. The 249 
number of experiments will depend on the number of cells obtained. LNCaP and Thp-1 can be 250 
expanded using 1:2 dilutions. The C4-2 and Saos-2 cells can be expanded using 1:3 dilutions 251 
during each passage. The passage number is critical for LNCaP, Saos-2 and Thp-1 cells. 252 
 253 
2.4.5 Resuspend the Thp-1 cells by aspirating the media up and down several times. Perform 254 
the trypsin digestion for 1-2 min, as described in steps 2.4.1 to 2.4.4, as Thp-1 cells grow in 255 
suspension and are lightly attached to the tissue culture plate surface. 256 
 257 
3. Co-Culture Assays and Hormone Treatments 258 
 259 
3.1 Seed the LNcaP and C4-2 cells into a 12-well plate format (diameter of 22.1 mm for each 260 

well), with 2  105 cells in each well. First, add 1 mL of DMEM/RPMI supplemented media to 261 
each well and add the resuspended cells on top. Swirl the plate to spread the cells. 262 

 263 



3.2 Seed the Saos-2 and Thp-1 cells at 1  105 cells per well, using the insert for the 12-well 264 
transwell coculture system (diameter of 12 mm for each insert) with the supplemented media 265 
for each cell type.  266 
 267 
3.3 Incubate for 24 h at 37 °C in a 5% CO2 incubator.  268 
 269 
Note: The cells reach confluence after 24-36 h incubation. 270 
 271 
3.4  Synchronize the cells for an additional 24 h at 37 °C in the 5% CO2 incubator by changing 272 
the media to RPMI, which is free of phenol red and without FBS. 273 
 274 
Note: Cells synchronize in G0 due to reduced levels of FBS and confluency. At this point, cells 275 
are ready for several downstream experiments, including hormone treatment, DNA/RNA 276 
isolation, protein purification and transcription assays. 277 
 278 
3.5 Change the media to phenol red-free RPMI supplemented with 10% dextran-coated 279 
charcoal treated FBS (cdFBS) containing ethanol as control, 10 nM dihydrotestosterone (DHT), 280 
or DHT in the absence or presence of 100 nM androgen antagonists flutamide or bicalutamide. 281 
 282 
Note: Working hormone solutions are prepared just before use as the hydrophobic ligands will 283 
bind to the plastic walls of the conical centrifuge tubes. In general, each experimental condition 284 
requires 10 mL of RPMI supplemented with 10% cdFBS (RPMI/cdFBS).  285 
 286 
3.6  Add 10 mL of RPMI/cdFBS to a 15 mL conical centrifuge tube and add 11 μL of filter 287 
sterilized ethanol as control for the wells without ligands. Add 10 μL of ethanol and 1 μL of 10-4 288 
M DHT working stock solution to another 10 mL of media for the 10 nM DHT treatment of the 289 
cells.  290 
 291 
Note: For antagonist treatment, the ethanol is replaced by 10 μL of 10 mM flutamide or 292 
bicalutamide working solution to obtain the 10 nM DHT treatment in the presence of 100 nM 293 
antagonist flutamide or bicalutamide (Figure 1). In the lower chamber of the coculture, use 1 294 
mL of RPMI/cdFBS media, and 0.5 mL in the upper chamber or insert (Figure 1). 295 
 296 
3.7  Incubate the cells for 36 h in the 5% CO2 incubator at 37 °C before harvesting for 297 
downstream assays, as described in step 5. 298 
 299 
4.  Cell Harvesting in the Co-Culture System 300 
 301 
4.1.  Wash the cells with 300 μL of 1x PBS in each well prior to the treatment with 100 μL of 302 
1x trypsin, for 5 min in the 5% CO2 incubator at 37 °C. 303 
 304 
4.2. Add 300 μL of FBS to inactivate trypsin and transfer the entire volume of each well into 305 
1.5 mL properly labeled centrifuge tubes for each condition. 306 
 307 



4.3. Centrifuge at 800 x g for 5 min at 4 °C. Aspirate the supernatant, carefully leaving the 308 
cellular pellet intact for an additional wash with 300 μL of 1x PBS. 309 
 310 
4.4.  Fix the cells, resuspending the pellet in 500 μL of 4% paraformaldehyde (PFA) for 30 min 311 
at 4 °C.  312 
 313 
4.5. Wash the fixed cells by resuspending the cell pellet in 10 mL of PBS.  314 
 315 
5.  Downstream Assays Following Hormone Treatments 316 
 317 
5.1.  Cell Proliferation 318 
 319 
5.1.1. Perform mitotic index coupled to flow cytometry assay using mitosis-specific 320 
phosphorylation of histone H3-phosphorylated (p) Serine 10 labeling and propidium iodide 321 
incorporation to quantitate mitotic index and DNA content.  322 
 323 
Note: The anti-HistoneH3 pSer10 antibody is a rabbit monoclonal directly conjugated to the 324 
green fluorescent dye that specifically labels mitotic cells. Propidium iodide staining of DNA is 325 
the classic means of cell cycle analysis by DNA content.  326 
 327 
5.1.2. Resuspend the pellet above in 200 μL of 1x permeabilization solution (20 μL of triton X-328 
100 to 1.98 mL of 5% BSA blocking solution) for 5 min at room temperature, previous to the 329 
antibody treatment and IP staining assays.  330 
 331 
Note: This is to permeabilize the cells for the incorporation of the antibody within the fixed 332 
cells. 333 
 334 
5.2.  Flow Cytometry 335 
 336 
5.2.1. Calibrate the flow cytometer (using beads containing 6 and 8 different peak) for green 337 
fluorescent dye in the FL-1 channel (Ex/Em: 495/519nm) and propidium iodide fluorescence in 338 
FL-2 channel (Ex/Em: 493/636nm) to determine proliferation rate and DNA incorporation (cell 339 
cycle), respectively.  340 
 341 
5.2.2 Analyze each sample using the histogram of four quadrants after 10,000 events. 342 
 343 
5.3.  Global Gene Expression Profiling 344 
 345 
5.3.1. Isolate total RNA using an RNA purification kit (for isolating high-quality total RNA) from 346 
each lower and an upper transwell by adding 500 μL of tryzol reagent directly to lyse the cells.  347 
 348 
5.3.2.  Reverse transcribe mRNA to cRNA using biotin-UTP labelled nucleotide and a kit that is a 349 
complete system for generating biotinylated, amplified RNA for hybridization.  350 
 351 



5.3.3.  Hybridize the biotinylated cRNAs to a high-density silica bead-based microarray for 352 
differential gene expression, which has a capacity for the analysis of above 34,000 genes. 353 
 354 
5.3.4.  Scan the array in the bead array reader. Ccalculate the relative changes in mRNA gene 355 
expression using fold change (FC). 356 
 357 
5.3.5. Use the free distribution software MultiExperiment Viewer v4.9 (tm4MeV) to analyze 358 
changes in gene expression using heat maps25.  359 
 360 
Note: Genes with FC≥|1.9| are considered to be significant and subject to heat map and Venn 361 
diagrams analysis. 362 
 363 
REPRESENTATIVE RESULTS: 364 
The coculture method was optimized to determine the effect of hormone on prostate cancer 365 
progression to recurrence, in the context of bone stroma derived osteoblasts and osteoclasts 366 
cells. Although the scheme and timing of the cell coculture model is relatively complex due to 367 
the different rates of proliferation for each cell type, it is possible to achieve a sufficient 368 
number of cells to perform the specific experiments in the range of 2-3 months. Therefore, the 369 
propagating and maintenance of cell stock in culture is very important. As depicted in Figure 1, 370 
the prostate cancer LNCaP/C4-2 pair and the osteoblast (Saos-2)/osteoclast (Thp-1) precursors 371 
pair are propagated under specific cell culture conditions (Figure 1A). When the estimated 372 
number of cells is reached, and the confluency is close to 80-90%, the cells are subjected to 373 
trypsin digestion, and seeded overnight in the 12-well format for LNCaP/C4-2 cells, and in the 374 
transwell format for Saos2/Thp-1 cells (Figure 1A). Synchronization of the seeded cells is 375 
achieved using RPMI media without serum for 24-36 h (Figure 1A). The use of media without 376 
phenol red is very important to avoid estrogenic and cortisol agonistic activity of the pH 377 
indicator. To determine the effect of Saos-2 or Thp-1 in the absence or presence of different 378 
hormone agonists and antagonists on nuclear receptor mediated transcriptional activity or 379 
other downstream experiments, the cells are incubated with charcoal dextran coated fetal 380 
bovine serum to reduce and maintain low levels of circulating sex steroid hormones normally 381 
present in the regular fetal bovine serum (Figure 1B). The diagram (Figure 1B) describes an 382 
experiment whereby the effect of Saos-2 and Thp-1 on AR mediated transcriptional activity was 383 
determined in the absence and presence of the androgen antagonists flutamide and 384 
bicalutamide.  385 
 386 
The model coculture shows that the proliferation rate in LNCaP and C4-2 is increased when in 387 
coculture with Saos-2 cells, as assessed by propidium iodine incorporation and flow cytometry 388 
(Figure 2A). The effect of short-term coculture in the propidium iodine incorporation in LNCaP 389 
and C4-2 due to the presence of Thp-1 is a minor decrease (Figure 2A). Confocal microscopy 390 
indicates that Saos-2 cells modify AR and SRC-1 coactivator immune localization (Figure 2B). 391 
However, the molecular mechanisms and the biological consequences of altering or modifying 392 
the coregulator interactions with the receptor is still under investigation. The effect of Saos-2 393 
and Thp-1 cells on the global gene expression in both prostate cancer cell lines was studied in 394 



the absence and presence of androgens using a high-density silica bead-based microarray for 395 
differential gene expression, which has a capacity for the analysis of over 34,000 genes. 396 
 397 
The Figure 3 represents changes in gene expression for fibroblasts growth factor (FGFs), their 398 
receptors (FGFRs), and the downstream pathways that results from FGFR activation. The Saos-2 399 
cells increase FGF20 and FGF1 in LNCaP (Figure 3A). However, Thp-1 increases FGF2 expression, 400 
in a ligand dependent manner. The ligand-dependent activation of PLCG2 is repressed by both 401 
Saos-2 and Thp-1 (Figure 3B). The expression of the modulator of proliferation SPRY3 is 402 
increased in the presence of Saos-2 only (Figure 2B). The expression changes in C4-2 differ from 403 
LNCaP. Specifically, Saos-2 increases the expression of FGF2 and FGFR2 (Figure 3C). Thp-1 404 
increases the expression of several FGFs, including FGF14; 8; 11; and 12 (Figure 3C). These 405 
changes in gene expression appear relevant for changes in proliferation as Saos-2 decreases 406 
expression of SPRY3 and increase expression of Sos2 (Figure 3D). 407 
 408 
FIGURE LEGENDS: 409 
Figure 1: Representative diagram of the osteoblast and osteoclast coculture model for 410 
prostate cancer bone metastasis in vitro. (A) The step-1 outline the model of monocultured 411 
cell in 10 cm plates for prostate cancer (LNCaP and C4-2) and bone stroma derived osteoblastic 412 
precursor Saos-2 cells. The osteoclastic precursors Thp-1 cells is propagated and maintained in 413 
a 75 cm2 tissue culture flask, as these cells are non-adherent. After trypin treatment, cells can 414 
be seeded overnight in a 12-well format for prostate cancer cells and in the transwell system 415 
for Saos-2 and Thp-1 cells. Then, cells are synchronized for 24 h using RPMI media that lack 416 
phenol red as pH indicator and without fetal bovine serum. (B) In step 2, the transwell 417 
containing the Saos-2 and the Thp-1 cells are transferred to the 12-well format that contains 418 
the prostate cancer cells to render the coculture system using the inserts. It is very important to 419 
plan ahead regarding whether the hormone treatment will be performed upon transferring the 420 
insert to the 12-well format containing the tumor cells, or whether the treatment will be 421 
performed after 24 h of cocultures. This pre-planning is important as the media containing 422 
hormone must be prepared just prior to use. The hormone treatment shown is in absence 423 
(control) and presence of DHT (10 nM final concentration from 0.1 mM stock), and in 424 
combination with the anti-androgens flutamide (F) and bicalutamide (B) at 100 nM final 425 
concentrations. 426 
 427 
Figure 2: Representative flow cytometry and confocal microscopy analysis of cancer cells in 428 
coculture. (A) Flow cytometry assays were used to determine the changes in cell proliferation 429 
using the incorporation of propidium iodide (PI) and phosphorylation of H3-Ser (not shown). 430 
The relative changes in PI incorporation indicate that Saos-2 cells change the proliferation rate 431 
of LNCaP and C4-2 cells, in the absence of androgens. In the presence of Thp-1, the changes in 432 
PI incorporation in the tumor cells are minimal. (B) The expression of ligand-bound androgen 433 
receptor and SRC-1 coactivator in C4-2 cells, either alone or in the presence of Saos-2 cells, was 434 
detected using Cy3-labelled secondary antibodies for SRC-1 and FITC-labeled secondary 435 
antibody for androgen receptor (green). The Dapi staining was used as signal for nuclear 436 
localization. The yellow signal in the nuclei of C4-2 indicated co-immune localization of AR and 437 
SRC-1. 438 



 439 
Figure 3. Representative effect of Saos-2 and Thp-1 on the androgen-induced gene expression 440 
for growth factors and their downstream pathways. The changes in the global mRNA gene 441 
expression signatures induced by 10 nM DHT final concentration was determined using total 442 
RNA isolated from LNCaP (A-B) and C4-2 (C-D) cells cultured alone (+/- DHT), or in combination 443 
with Saos-2 (+/- Saos-2) or Thp-1 (+/- Thp-1) cells. The relative changes in gene expression were 444 
determined using fold change |FC|, by taking the measurement of the signal obtained in the 445 
presence of ligand, and dividing it by the measurement of signal obtained in the absence of 446 
ligand. The ratio between the signals was ranked and ordered to obtain a heat map of the 447 
changes in gene expression using the T4MeV software that provide a hierarchical clustering 448 
with unsupervised analysis and Euclidean distance with average link. The heat maps highlight 449 
the low (green values) and increased (red values) expression of specific genes. The 450 
hierarchization separated the expressions of LNCaP and C4-2 cells, depending upon the change 451 
in expression (FC) when treated with hormone (DHT) and also in coculture with Saos-2 and Thp-452 
1. The changes of growth factors (A and C) and growth factor pathways (B and D) in LNCaP and 453 
C4-2, respectively, represent the effect of Saos-2 and Thp-1 in tumor cells. 454 
 455 
DISCUSSION: 456 
Current research has shown that while prostate cancer has often been described as being 457 
osteoblastic, there is also an osteoclastic interaction due to the changes in the bone remodeling 458 
activity upon the arrival of circulating tumor cells. To further understand the mechanisms of 459 
osteogenesis in the prostate microenvironment, we developed a coculture model (Figure 1) 460 
using the transwell system to examine the paracrine effect of bone stroma-derived cells on 461 
androgen receptor mediated transcriptional activity, growth factors and their receptors 462 
expression, as well as the effect on additional nuclear receptors and coregulators of RNA pol II 463 
mediated transcription (coactivators/corepresors). This model is innovative for the initial 464 
testing of different products in all phases of development, from the initial prototype and 465 
patenting to potential clinical trials.  466 
 467 
Prostate cancer cell type models representing the progression of prostate cancer to androgen 468 
independence, recurrence and bone metastasis were used, and include the lymph node derived 469 
carcinoma of the prostate (LNCaP) that represents an androgen dependent or androgen 470 
sensitive adenocarcinoma cell line. LNCaP is derived from a lymph node metastasis of a 50-year 471 
old patient. The LNCaP-C4-2B tumor cell line (termed C4-2) represents the androgen 472 
independent, androgen-resistant or recurrent prostate tumor cells that can proliferate in the 473 
presence of the low circulating levels of androgens. The C4/2 cell line was derived from LNCaP 474 
cells through tumor xenographts that acquired the property to proliferate in castrated immune 475 
compromised nude male mice. A second system that represents prostate cancer progression to 476 
androgen independence is the Case Western Reserve CWR22 cell and the CWR22R tumor pair. 477 
These cells can propagate as tumor xenografts using SCID mice. In vitro studies are limited to 478 
primary cell cultures26. Two cell types that represent bone-derived osteoblasts and osteoclasts 479 
were used to determine the effect on prostate cancer cells in a coculture transwell system. The 480 
Saos-2 tumor cell line is derived from human osteosarcoma and can differentiate to osteoblasts 481 
in the presence of calcitriol to form mineralized matrixes in culture, representing a model for 482 



osteoblast precursors. The Thp-1 tumor cell line is a human monocytic cell line derived from an 483 
acute monocytic leukemia patient and is used as a monocyte model. Thp-1 cells can 484 
differentiate into macrophage-like cells, which mimic native monocyte-derived macrophages. In 485 
addition, TRAP positive multinucleated osteoclast-like cells can be generated using high 486 
concentrations of PMA and Vitamin D3. Thus, the Saos-2 and Thp-1 cellular models 487 
representing the osteoblast and monocyte-macrophage system can be used to determine the 488 
potential roles of bone marrow activity and bone metastasis of prostate cancer cells. 489 

 490 
Through the use of LNCaP and C4-2 cell lines, in conjuction with Saos-2 and Thp-1 cell lines that 491 
simulate osteoblasts and osteoclasts, respectively, we were able to identify new regulatory 492 
sites in coregulators (small peptides) that interact with nuclear receptors in androgen-sensitive 493 
and androgen-resistant prostate cancer tumor cells, in the absence and presence of increasing 494 
number of osteoblasts and osteoclasts precursors (Figure 2). These precursors change the 495 
expression of genes involved in tumor progression through a mechanism that involves the 496 
direct interaction of the activators with regulatory sites of the androgen receptor transcription 497 
complex (Figure 2 and 3), when in the context of increased number of osteoblasts and 498 
osteoclasts precursors (Figures 2 and 3).  499 

 500 
One critical step of the protocol is when Thp-1 cells are seeded and manipulated during the 501 
experimental processes. The Thp-1 cells grow in suspension and do not attach as firmly to the 502 
tissue cultured plate as other cell types. The media must be changed twice a week, and the 503 
change of media must be performed carefully to prevent cell loss. To address this challenge, we 504 
recommend aspirating the medium into a new 50 mL conical centrifuge tube and spinning 505 
down at low speed to collect the floating cells. The new media added to this tube, which will 506 
contain the cells in suspension, can be added back to the plate. Another critical experimental 507 
step is the hormone treatment of the plated cells. Specifically, cells need to be treated with 508 
media lacking the serum, or media containing charcoal dextran coated treated fetal bovine 509 
serum (cdFBS), to lower circulating androgens and other sex steroid hormones, as well as 510 
additional small peptides and hormones present in the untreated or regular fetal bovine serum. 511 
This 24 h treatment is important to lower the level of hormones in order to reach basal 512 
conditions for gene expression, transcription activation, and growth factors expression that are 513 
secreted by the tumor cells in the absence and presence of bone stroma derived cells, in an 514 
androgen-dependent manner. Time courses and increasing hormone concentrations, either 515 
androgens or other hormones, are important variables to be considered to achieve results 516 
between 24, 36 and 48 or more hours, depending on the assessment and the specific details of 517 
the experiment to be performed. In our case, short-term interactions for 36 h were sufficient to 518 
observe the changes in gene expression due to the presence of androgens agonists and 519 
antagonists, in the absence or presence of Saos-2 and Thp-1 cells in cocultures. Long-term 520 
exposure in the coculture condition are limited due to poor cell survival after two weeks. 521 
Nevertheless, long-term experiments may be achieved using a different transwell format, such 522 
as the 10 cm plate. The use of direct cocultured cells further redefine the direct cell-cell contact 523 
and interation between tumor cells and bone stroma derived cells. However, dissecting specific 524 
pathways using direct coculture for each cell represents a barrier in defining what is occurring 525 
in each specific cell type. When the cells are together in coculture, they cannot be taken apart 526 



efficiently, even with laser capture microscopy. This is the reason that the transwell method is 527 
highly relevant to define the specific change(s) in each cell type in the context of paracrine 528 
signal in bone metastasis. The transwell system can also be used to determine cell migration of 529 
the tumor cells plated on the transwell, and tagged with green or red flourescent protein 530 
encoded in mammalian expression vectors.  531 
 532 
We intend to use this method to further analyze the effect of drugs, such as small peptides and 533 
other molecules, in addition to bicalutamide, flutamide, and mifepristone, on the androgen 534 
receptor complex with coregulators and downstream pathways that enable cancer cells to 535 
colonize and proliferate in the context of bone stroma osteoblasts and osteoclasts. We will use 536 
short-term cultures to mimic the interactions of circulating tumor cells upon arrival to the bone 537 
stroma, as well as long-term cultures to determine changes in gene expression under different 538 
experimental conditions. An important future step will be the use of differentiated osteoclasts 539 
and osteoblasts cells active in the remodelling of bone to mimic the effect of bone matrix. Thus, 540 
we will be able to evaluate the effect of changing estrogen to androgen ratios on 541 
osteoclast/osteoblast activity in the context of bone resorption and cancer cell proliferation 542 
during the progression to androgen independence, recurrence, and castration-resistant state of 543 
the disease. Molecular medicine is the new frontier in the development of therapies for a 544 
curative and definitive cancer treatment. The significant impact for the patients is to develop 545 
personalized treatments using primary or isolated circulating tumor cells, in order to eliminate 546 
unnecessary, costly and ineffective treatments, as well as increase quality of life. Thus, the use 547 
of the in vitro coculture system has the potential to change the paradigm of therapies focused 548 
on the androgen axis for androgen-resistant prostate cancer and other malignancies such as 549 
breast cancer. The concept that altered pathways in an androgen regulated tumor 550 
microenvironment influence the proliferation of epithelial cells through coregulators is 551 
innovative, and will generate an insightful perspective regarding the role of androgens and 552 
nuclear receptor coregulators in carcinogenesis and bone metastasis. 553 
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Name of Reagent/ Equipment Company Catalog Number

Water-jacketed CO2 incubator Autoflow NU-8700E

Flow Cytometer BD Biosciencies 23-13347-02 Accuri C6

Centrifuge legend micro 21R Thermo Scientific TSO-M21

Centrifuge eppendorf Eppendorf 58040000323

Confocal Microscopes Olympus IX81/IX81-ZDC

Neubauerchamber Hirschmann 8020385

Micropipette Pipetman Gilson

F144801; F123600; 

F1123602

Cryogenic vial Corning 430488

Tips Biopointe 361-4050

Tips Biopointe 351-4050

Tips Biopointe 332-4050

Tube Falcon 352097

Tube Falcon 352098

Serological Pipettes Falcon 53300-523

Tissue Culture Dish Corning 25382-428

Tissue Culture flask Falcon 3013

12 Well Format Tissue Culture Plates Falcon 353043

12 Transwell Format Tissue Culture Plates Corning 3460-clear

Eppendorf Tubes Axygen MCT-150-C

RPMI-1640 w/ 25mM Hepes, w/L-Glutamine Corning 45000-414-1

DMEM High, w/o L-Glutamine & Sod.Pyr. Corning 45000-326

RPMI 1640, without L-Glutamine and without Phenol Red

HyClone, Thermo 

Scientific

SH30605.01

Fetal bovine serum, USDA Certified Corning 35-010-CV

FBS (Charcoal Stripped Serum) Corning 35-072-CV

L-glutamine Corning 45000-676

Amphotericin B Corning 45000-808

Penicillin Streptomycin Corning 45000-652

Gentamicine Corning 45000-636

Dimethyl Sulfoxide Sigma life Science D4540-500ML
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PBS 1X Corning 21-040-CVR

0.25% trypsin Corning 45000-664

Ethanol absolute Merck 200-578-6

Flutamide Sigma Life Science F 9397

Bicalutamide Sigma Life Science B9061

Dihydrotestosterone Sigma Life Science D-077

Paraformaldehyde Sigma Life Science p6148-500G

Histone H3 pser10 + Propidium iodide Kit Abcam ab151282 

Bead 6 Peak flow citometer standarization BD Biosciencies 653145

Bead  8 Peak flow citometer standarization BD Biosciencies 559123

VECTASHIELD HardSet Antifade Mounting Medium with DAPIVector Laboratories H-1500

Bovine Serum Albumin - Fraction V  Rockland BSA-50

Triton x-100 Sigma Life Science 9002-93-1 

Antibody Androgen Receptor Abcam Ab 9474

Antibody KAT13A/SRC-1 Abcam Ab 2859

Fluorescein (FITC) AffiniPure Goat Anti-Rabbit IgG (H+L) Jackson InmunoResearch 111-095-003

Cy3 AffiniPure Donkey Anti-Rabbit IgG (H+L) Jackson InmunoResearch 711-165-152

HumanHT-12 v4 Expression BeadChip Kit Illumina BD-103-0204

MultiExperiment Viewer v4.9 (tm4MeV) WebMeV www.mev.tm4.org

http://www.mev.tm4.org/


Comments/Description

37 °C

Flow Cytometer Accuri C6

21R Model

Refrigarated Centrifuge 5803R 

IX81 model
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2
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2 mL
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10 μL
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10 mL
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2 

22.1 mm Diameter Inserts
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1000 mL
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applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In

consideration of JoVE agreeing to produce, display or

otherwise assist with the Video, the Author hereby

acknowledges and agrees that, Subject to Section 7 below,

JoVE is and shall be the sole and exclusive owner of all rights of

any nature, including, without limitation, all copyrights, in and

to the Video.  To the extent that, by law, the Author is

deemed, now or at any time in the future, to have any rights

of any nature in or to the Video, the Author hereby disclaims

all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in

Item 1 above.  In consideration of JoVE agreeing to produce,

display or otherwise assist with the Video, the Author hereby

grants to JoVE, subject to Section 7 below, the exclusive,

royalty-free, perpetual (for the full term of copyright in the

Article, including any extensions thereto) license (a) to publish,

reproduce, distribute, display and store the Video in all forms,

formats and media whether now known or hereafter

developed (including without limitation in print, digital and

electronic form) throughout the world, (b) to translate the

Video into other languages, create adaptations, summaries or

extracts of the Video or other Derivative Works or Collective

Works based on all or any portion of the Video and exercise all

of the rights set forth in (a) above in such translations,

adaptations, summaries, extracts, Derivative Works or

Collective Works and (c) to license others to do any or all of

the above.  The foregoing rights may be exercised in all media

and formats, whether now known or hereafter devised, and

include the right to make such modifications as are technically

necessary to exercise the rights in other media and formats.

For any Video to which this Section 6 is applicable, JoVE and 

the Author hereby grant to the public all such rights in the

Video as provided in, but subject to all limitations and

requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States

government employee and the Article was prepared in the

course of his or her duties as a United States government

employee, as indicated in Item 2 above, and any of the

licenses or grants granted by the Author hereunder exceed the

scope of the 17 U.S.C. 403, then the rights granted hereunder

shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 

not in conflict with such statute shall remain in full force and 

effect, and all provisions contained herein that do so conflict 

shall be deemed to be amended so as to provide to JoVE the 

maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants

JoVE the right to use the Author’s name, voice, likeness,

picture, photograph, image, biography and performance in any

way, commercial or otherwise, in connection with the

Materials and the sale, promotion and distribution thereof.

The Author hereby waives any and all rights he or she may

have, relating to his or her appearance in the Video or

otherwise relating to the Materials, under all applicable

privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants

that the Article is original, that it has not been published, that

the copyright interest is owned by the Author (or, if more than

one author is listed at the beginning of this Agreement, by

such authors collectively) and has not been assigned, licensed,

or otherwise transferred to any other party. The Author

represents and warrants that the author(s) listed at the top of

this Agreement are the only authors of the Materials.  If more

than one author is listed at the top of this Agreement and if

any such author has not entered into a separate Article and

Video License Agreement with JoVE relating to the Materials,

the Author represents and warrants that the Author has been

authorized by each of the other such authors to execute this

Agreement on his or her behalf and to bind him or her with

respect to the terms of this Agreement as if each of them had

been a party hereto as an Author. The Author warrants that

the use, reproduction, distribution, public or private

performance or display, and/or modification of all or any

portion of the Materials does not and will not violate, infringe

and/or misappropriate the patent, trademark, intellectual

property or other rights of any third party.  The Author

represents and warrants that it has and will continue to

comply with all government, institutional and other

regulations, including, without limitation all institutional,

laboratory, hospital, ethical, human and animal treatment,

privacy, and all other rules, regulations, laws, procedures or

guidelines, applicable to the Materials, and that all research

involving human and animal subjects has been approved by

the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of

JoVE in producing the Video in the Author’s facility, the Author

shall ensure that the presence of JoVE employees, agents or

independent contractors is in accordance with the relevant

regulations of the Author's institution.  If more than one

author is listed at the beginning of this Agreement, JoVE may, 

in its sole discretion, elect not take any action with respect to

the Article until such time as it has received complete,

executed Article and Video License Agreements from each

such author.  JoVE reserves the right, in its absolute and sole

discretion and without giving any reason therefore, to accept

or decline any work submitted to JoVE.  JoVE and its

employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 

Author’s institution as necessary to make the Video, whether 

actually published or not.  JoVE has sole discretion as to the 

method of making and publishing the Materials, including, 

without limitation, to all decisions regarding editing, lighting, 

filming, timing of publication, if any, length, quality, content 

and the like. 

 

11.  Indemnification.  The Author agrees to indemnify JoVE 

and/or its successors and assigns from and against any and all 

claims, costs, and expenses, including attorney’s fees, arising 

out of any breach of any warranty or other representations 

contained herein.  The Author further agrees to indemnify and 

hold harmless JoVE from and against any and all claims, costs, 

and expenses, including attorney’s fees, resulting from the 

breach by the Author of any representation or warranty 

contained herein or from allegations or instances of violation 

of intellectual property rights, damage to the Author’s or the 

Author’s institution’s facilities, fraud, libel, defamation, 

research, equipment, experiments, property damage, personal 

injury, violations of institutional, laboratory, hospital, ethical, 

human and animal treatment, privacy or other rules, 

regulations, laws, procedures or guidelines, liabilities and 

other losses or damages related in any way to the submission 

of work to JoVE, making of videos by JoVE, or publication in 

JoVE or elsewhere by JoVE.  The Author shall be responsible 

for, and shall hold JoVE harmless from, damages caused by 

lack of sterilization, lack of cleanliness or by contamination 

due to the making of a video by JoVE its employees, agents or 

independent contractors.  All sterilization, cleanliness or 

decontamination procedures shall be solely the responsibility 

of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 

JoVE’s attorney’s fees and costs related to said losses or 

damages.  Such indemnification and holding harmless shall 

include such losses or damages incurred by, or in connection 

with, acts or omissions of JoVE, its employees, agents or 

independent contractors. 

 

12.  Fees.  To cover the cost incurred for publication, JoVE 

must receive payment before production and publication the 

Materials. Payment is due in 21 days of invoice. Should the 

Materials not be published due to an editorial or production 

decision, these funds will be returned to the Author. 

Withdrawal by the Author of any submitted Materials after 

final peer review approval will result in a US$1,200 fee to 

cover pre-production expenses incurred by JoVE.  If payment is 

not received by the completion of filming, production and 

publication of the Materials will be suspended until payment is 

received. 

 

13.  Transfer, Governing Law.  This Agreement may be 

assigned by JoVE and shall inure to the benefits of any of 

JoVE’s successors and assignees.  This Agreement shall be 

governed and construed by the internal laws of the 

Commonwealth of Massachusetts without giving effect to any 

conflict of law provision thereunder.  This Agreement may be 

executed in counterparts, each of which shall be deemed an 

original, but all of which together shall be deemed to me one 

and the same agreement.  A signed copy of this Agreement 

delivered by facsimile, e-mail or other means of electronic 

transmission shall be deemed to have the same legal effect as 

delivery of an original signed copy of this Agreement.   

 

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission. 

 

CORRESPONDING AUTHOR: 

Name:   

Department:   

Institution:  

Article Title:  

Signature:   Date:  

 

Please submit a signed and dated copy of this license by one of the following three methods: 

1) Upload a scanned copy of the document as a pfd on the JoVE submission site; 

2) Fax the document to +1.866.381.2236; 

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139 

 

For questions, please email submissions@jove.com or call +1.617.945.9051 
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March	
  12,	
  2018	
  
	
  
Nandita	
  Singh	
  
Editorial	
  Manager	
  
General	
  Editorial	
  Inquiries	
  and	
  Correspondence	
  
Journal	
  of	
  Video	
  Experimental	
  (JoVe)	
  
	
  
Dear	
  Ms.	
  Singh:	
  
	
  	
  

Please	
  find	
  the	
  attached	
  article	
  submission	
  entitled	
  “Coculture	
  system	
  to	
  study	
  
osteoblast	
  and	
  osteoclast	
  interactions	
  in	
  prostate	
  cancer	
  progression	
  to	
  hormone	
  
resistance	
  and	
  metastasis	
  to	
  bone.”	
  This	
  manuscript,	
  as	
  well	
  as	
  supporting	
  figures	
  and	
  
materials	
  table,	
  have	
  been	
  revised	
  according	
  to	
  the	
  recommendation	
  of	
  the	
  editor	
  and	
  
reviewers.	
  In	
  addition,	
  the	
  relevant	
  protocols	
  to	
  be	
  featured	
  in	
  the	
  video	
  have	
  been	
  
highlighted	
  in	
  yellow.	
  
	
  
Rebuttal	
  and	
  Responses	
  to	
  Reviewer	
  Comments	
  
	
  
Reviewer	
  #1	
  
	
  
1.	
  	
  We	
  incorporated	
  the	
  wording	
  recommended	
  into	
  the	
  title.	
  The	
  new	
  title	
  is:	
  “Coculture	
  
system	
  to	
  study	
  osteoblast	
  and	
  osteoclast	
  interactions	
  in	
  prostate	
  cancer	
  
progression	
  to	
  hormone	
  resistance	
  and	
  metastasis	
  to	
  bone.”	
  
	
  
2.	
  	
  “Rephrase	
  the	
  subtitles	
  1.2	
  (line	
  151)	
  and	
  2.3	
  (line	
  216)	
  specifying	
  the	
  cell	
  types	
  they	
  
have	
  used.”	
  	
  We	
  agree	
  that	
  the	
  cell	
  lines	
  do	
  not	
  represent	
  osteoblast	
  and	
  osteoclast	
  
differentiation.	
  As	
  suggested,	
  we	
  incorporated	
  the	
  use	
  of	
  human	
  derived	
  primary	
  cell	
  
culture	
  as	
  an	
  alternative	
  means	
  to	
  represent	
  osteoblast	
  and	
  osteoclast	
  cells.	
  We	
  rephrased	
  
subtitles	
  1.2	
  and	
  2.3	
  to	
  specify	
  cell	
  types	
  used.	
  	
  
	
  
3.	
  	
  “I	
  suggest	
  the	
  authors	
  to	
  rephrase	
  this	
  subtitle	
  as	
  "Gene	
  expression	
  profiling."	
  	
  We	
  
incorporated	
  the	
  wording	
  recommended	
  for	
  subtitle	
  5.3.	
  
	
  
4.	
  	
  “Please	
  clarify	
  Fig.1	
  labeling	
  as	
  "Saos-­‐2"	
  and	
  "Thp-­‐1"	
  as	
  they	
  have	
  noted	
  in	
  Fig.2.”	
  	
  We	
  
incorporated	
  "Saos-­‐2"	
  and	
  "Thp-­‐1"	
  into	
  Fig	
  1,	
  as	
  recommended.	
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Sergio	
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  and	
  Oncology	
  Lab	
   	
  

University	
  Campus	
  
Concepcion,	
  Chile	
  
Phone:	
  011-­‐56-­‐9-­‐79582490	
  
e-­‐mail:	
  onatesa@gmail.com	
  

Reviewer	
  #2	
  
	
  
1.	
   	
  We	
  agree	
   that	
  bone	
  metastasis	
   is	
   only	
  present	
   in	
  metastatic	
  prostate	
   cancer	
  patients.	
  
Therefore,	
   we	
   acknowledged	
   in	
   the	
   long	
   abstract	
   and	
   introduction	
   that	
   bone	
  metastasis	
  
may	
  be	
  considered	
  to	
  be	
  an	
  early	
  event	
  in	
  patients	
  with	
  colonized	
  bone	
  metastasis.	
  We	
  also	
  
agree	
  that,	
  although	
  the	
  clinical	
  data	
  points	
  to	
  the	
  change	
  in	
  androgen-­‐estrogen	
  ratios	
  	
  
affect	
   estrogen	
   receptor	
   function,	
   the	
   specific	
   experiment(s)	
   in	
   vivo	
   remain	
   to	
   be	
  
determine,	
   i.e.	
   how	
   the	
   modification	
   of	
   E	
   to	
   T	
   ratio	
   change	
   tumor	
   cell	
   proliferation,	
  
migration	
  and	
  bone	
  metastasis	
  using	
  tumor	
  cell	
  heart	
  injection.	
  With	
  regards	
  to	
  the	
  	
  
	
  
Gleason	
   score,	
   we	
   had	
   used	
   the	
   Gleason	
   score	
   described	
   in	
   the	
   reference	
   #7,	
   but	
   in	
  
acknowledgement	
   of	
   the	
   reviewer's	
   observation,	
   we	
   have	
   changed	
   the	
   text	
   to	
   read,	
   "	
  
disseminated	
  cells	
   can	
  be	
  detected	
   in	
   the	
  bone	
  marrow	
  niche	
   in	
   lower	
  Gleason	
  grades	
  of	
  
the	
   primary	
   tumor7,8"	
   With	
   regards	
   to	
   the	
   reviewer's	
   concern	
   of	
   the	
   introduction	
   being	
  
"over-­‐generalized"	
  and	
  containing	
  "a	
  number	
  of	
   incorrect	
  statements,"	
  and	
   in	
  addition	
   to	
  
changes	
  specified	
  above,	
  the	
  supporting	
  references	
  #3	
  and	
  4	
  have	
  been	
  updated	
  to	
  support	
  
the	
  concept	
  that	
  metastasis	
  is	
  an	
  early	
  event,	
  which	
  may	
  be	
  influenced	
  by	
  changing	
  steroid	
  
hormone	
   ratios	
   (.	
   Hu,	
   Y.,	
   Yu,	
   X.,	
   Xu,	
   G.,	
   Liu,	
   S.	
   Metastasis:	
   an	
   early	
   event	
   in	
   cancer	
  
progression.	
   J	
  Cancer	
  Res	
  Clin	
  Oncol.	
  143	
  (5),	
  745-­‐757	
  (2017);	
  Tang	
  L.	
  et	
  al.	
  Associations	
  
between	
   polymorphisms	
   in	
   genes	
   related	
   to	
   estrogen	
   metabolism	
   and	
   function	
   and	
  
prostate	
  cancer	
  risk:	
  results	
  from	
  the	
  Prostate	
  Cancer	
  Prevention	
  Trial.	
  Carcinogenesis.	
  39	
  
(2),	
  125-­‐133	
  (2018)).	
  
	
  
	
  
2.	
  	
  “The	
  methods	
  outlined	
  are	
  extremely	
  detailed	
  and	
  are	
  written	
  in	
  the	
  text	
  of	
  a	
  protocol	
  
rather	
  than	
  an	
  outline	
  of	
  what	
  has	
  been	
  performed:”	
  The	
  format	
  used	
  for	
  the	
  protocol	
  
described	
  in	
  the	
  manuscript	
  was	
  in	
  compliance	
  with	
  the	
  requirements	
  of	
  JoVE.	
  
	
  
3.	
  	
  “There	
  are	
  a	
  number	
  of	
  spelling	
  errors	
  in	
  the	
  text	
  including	
  "cytometry",	
  misspelled	
  as	
  
"cytometry"	
  and	
  on	
  line	
  191,	
  it	
  should	
  read,	
  "RPMI/DMEM".	
  We	
  corrected	
  "cytometry,"	
  and	
  
added	
  "RPMI/DMEM"	
  as	
  recommended.	
  
	
  
	
  
Please	
  contact	
  me	
  if	
  any	
  additional	
  changes	
  are	
  required.	
  
	
  
Sincerely,	
  

	
  
	
  
	
  
	
  

Sergio	
  A.	
  Onate,	
  Ph.D.	
  


