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Osteoblasts Produce Soluble FactorsThat Induce
a Gene Expression Pattern in Non-Metastatic
Prostate Cancer Cells, Similar toThat Found
in Bone Metastatic Prostate Cancer Cells
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BACKGROUND. Progressive prostate cancer typically metastasizes to bone where prostate
cancer cells gain an osteoblast-like phenotype and induce osteoblastic metastases through
unknown mechanisms. To investigate the biology of prostate cancer skeletal metastases,
we compared gene expression between the non-metastatic LNCaP cell line and its derivative
cell line C4-2B that metastasizes to bone.

METHODS. Total RNA from LNCaP and C4-2B cell lines was isolated and used to probe
membrane-based gene arrays (Comparison 1). Additionally, LNCaP cells were incubated
in the absence or presence of conditioned media (CM) from a human osteoblast-like cell line
(HOBIT) and total RNA from these cells was used to probe gene arrays (Comparison 2).
Differential expression of genes was confirmed by RT-PCR.

RESULTS. Of the 1,176 genes screened, 35 were differentially expressed between LNCaP and
C4-2B cells (Comparison 1). HOBIT-CM induced differential expression of 30 genes in LNCaP
cells (Comparison 2). Interestingly, 19 genes that were differentially expressed in C4-2B vs.
LNCaP also displayed a similar expression pattern in LNCaPs grown in HOBIT-CM. These
genes are primarily involved in motility, metabolism, signal transduction, tumorigenesis, and
apoptosis.

CONCLUSIONS. These results suggest that osteoblasts produce soluble factors that con-
tribute to the progression of prostate cancer skeletal metastases, including their transition to
an osteoblast-like phenotype. Additionally, these data provide targets to explore for further
investigations towards defining the biology of skeletal metastases. Prostate 51: 10-20, 2002.
© 2002 Wiley-Liss, Inc.
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INTRODUCTION

Prostate carcinoma is the most commonly diagno-
sed cancer in U.S. men, and is the second leading cause
of cancer mortality in men over the age of 50 years
in the United States [1]. Over 40,000 men die of this
disease every year [2]. Prostate cancer frequently
metastasizes to bone, with a 70-80% frequency in
autopsy studies [3—6]. Bone metastasis is often as-
sociated with the development of hormone-refractory
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disease with poor prognosis. Patients with bone
metastases commonly suffer from extreme pain, frac-
tures, and spinal cord compression. The 5-year survi-
val rate for patients with bone metastases is less than
50% [7]. Although skeletal metastases frequently occur
in progressive prostate cancer, little is known about
their pathophysiology.

The process of cancer progression is a direct result
of aberrant expression of genes that impact normal
cell growth. Thus, determining how gene expression
profiles change during prostate cancer progression
may contribute to our understanding of the mecha-
nism of the development of skeletal metastases.
Accordingly, in the current study, we have utilized
high-density, nylon filter-based cDNA arrays to iden-
tify difference in gene expression between a non-
metastatic prostate cancer cell line, LNCaP, and its
derivative bone-metastatic subline, C4-2B.

MATERIALS AND METHODS

Cell Culture

The non-metastatic LNCaP cell line was maintained
in RPMI 10 medium (GIBCO-BRL, Grand Island, NY)
supplemented with 10% fetal bovine serum (FBS)
and 1% penicillin—streptomycin (GIBCO-BRL). The
C4-2B cell line, an osteotropic metastatic derivative
cell line of LNCaP, was maintained in T medium (80%
Dulbecco’s modified Eagle’s medium (DMEM), 20%
F12, 3g/L NaCO;, 100 U/L penicillin G, 100 pg/ml
streptomycin, 5 pg/ml insulin, 13.6 pg/ml triiodothyr-
onine, 5 pg/ml transferrin, 0.25 pg/ml biotin, 25 pg/ml
adenine), supplemented with 5% FBS [8]. The HOBIT
cell line, an SV-40-immortalized human osteoblast cell
line [9], was maintained in HOBIT complete medium
(50% DMEM plus 50% alpha medium supplement-
ed with 10% FBS and 1% penicillin—streptomycin).
HOBIT conditioned medium was prepared by plating
HOBIT cells (5 x 10°) in T-75 flasks in 20 ml of HOBIT
complete medium. Cells were grown to approxima-
tely 80% confluence (approximately 48 hr), then the
growth medium was collected and FBS (to 10% v/v)
and fresh HOBIT complete medium (to 10% v/v) was
added. Prior to RNA extraction, LNCaP cells were
switched into T medium for 10 days, or HOBIT-
conditioned medium or HOBIT complete medium
for 2 days as indicated.

RNA Preparation and Labeling

Cells were cultured to 70% confluence. Total RNA
was extracted using the Atlas Pure Total RNA
Isolation Kit (Clontech, Palo Alto, CA) as recom-
mended by the manufacturer. The RNA was digested
with RNase-free DNasel to remove genomic DNA

contamination. The yield and purity of RNA from
various samples was estimated spectrophotometri-
cally using the Ao/ Asgg ratio. The quality of RNA
was examined by the gel electrophoresis.

Reverse transcription, **P-labeling and hybridiza-
tion was carried out using the ATLAS cDNA Expres-
sion Array Kit (Clontech) as recommended by the
manufacturer. Briefly, 2-5 pg of total RNA was con-
verted into **P-labeled first strand cDNA by means
of MMLV reverse transcriptase and purified us-
ing column chromatography (CHROMA SPIN-200;
Clontech). cDNA-fractions of highest activity were
pooled and hybridized to the Atlas Human 1.2 Array
II membranes containing 1,176 spotted human cDNA
fragments and nine housekeeping control cDNAs,
and negative controls. The probe was heat denatured
at 100°C for 2 min prior to hybridization.

Hybridization

After prehybridization of the array (30 min at
68°C in ExpressHyb (Clontech) supplemented with
100 pg/ml sheared salmon testes DNA (Sigma,
St. Louis, MO)), the heat-denatured probe was added.
Hybridization was performed overnight at 68°C with
continuous rolling agitation. Membranes were washed
4 x 30 min in 2 x SSC/1% SDS at 68°C, followed by
two washes in 0.1 x SSC/0.5% SDS (30 min, 68°C).
Washed membranes were sealed in sample bags
(Wallac, Finland) and subjected to storage phosphor
screen imaging for 1-5 days using a PhosphorIlmager
(Molecular Dynamics, Sunnyvale, CA) to view the
image. Hybridization reactions were performed in
duplicate.

Data Acquisition and Analysis

Each hybridized nylon array was used to produce
two digital images, typically after different exposure
times (1-5 days). Each digital image was converted
into a table of pixel volumes using ImageQuant soft-
ware (Molecular Dynamics). Two such tables were
produced from each image, for a total of four tables
from each mRNA sample; this redundancy was used
to detect errors in digitization by comparison among
the four replicate data sets, and rare errors were
corrected by re-digitization of the original images.
Average values from these quadruplicate digitizations
were then used for further calculations.

Normalization for differences among experiments
in exposure time, probe specific activity, probe quality,
and other technical factors was conducted using a
procedure described elsewhere [10]. In brief, the pro-
cedure assumes that spots corresponding to back-
ground (presumably for mRNAs not expressed by the
cells) will be normally distributed. The mean (+SD)
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pixel volume of these non-expressed genes were
calculated with use of iterative truncation procedure.
As a first approximation, the mean (£ SD) of all spots
is calculated. Spots at the high and the low end of
this distribution are then discarded one by one in
alternating manner, if they exceed a criterion set 2 SDs
above (for the spots at the high end) or below (for the
spots at the low end) the mean of the remainder of the
distribution. The resulting truncated set of points
(typically ~ 700 of the initial set of 1,176) is then tested
for normality using the Kolmogorov-Smirnov (KS)
test, and points are again excluded, one at a time,
beginning with points of higher pixel values, until
the KS test indicates no further improvement in fit to
normality. (We estimated the extent of improvement
by calculating the KS distance (KSD), a gauge of how
far data distribution deviated from a predicted nor-
mal distribution. This parameter decreases as the
distribution approaches normality. Points with lower
integrated pixel values are then excluded in the same
way until the fit to the normal distribution is not
improved by further steps (i.e., until the KSD decre-
ases). The trimmed data set at this stage typically
includes 650-700 spots. We refer to this set of spots,
trimmed to obtain optimal fit to a normal distribution,
as the “background” set, and take it to represent the
normal distribution of random intensities seen over
those cDNA targets for which the test sample does not
include detectable levels of complementary mRNA.
After calculating the mean and SD for the set of nor-
mally distributed background spots, we can then
assign each experimental value a normalized score S
using the formula: S=(PV — Av)/SD, where PV is the
original pixel value for the spot, and Av and SD are the
mean and standard deviation of the set of background
spots. The distribution of S has mean of zero and
SD =1 over the set of background genes. We accept
5=3, i.e, 3 SDs above the mean background level,
as the preliminary criterion for discriminating expres-
sed from non-expressed genes. We accept S=—3 as
the criterion for discriminating non-expressed genes
from those whose spots are distorted by proximity to a
strongly expressed mRNA.

Comparing the levels of gene expression between
two test samples cannot be based simply on the ratio
between the paired pixel values, because this ratio
will depend in part on uncontrolled experimental
variables, including the quality of the mRNA prepara-
tion, the specific activity of the radionuclide, the
efficiency of the probe labeling process and hybridiza-
tion, and the background and exposure time for image
development. Adjustment of these ratios can be accom-
plished using linear regression to transform the values
to a comparable scale, as long as the regression equa-
tion is based upon genes that are expressed, and

expressed to an equal extent, in both samples. Our
strategy for formal classification of specific genes
as equally expressed between test samples is based
upon the analysis of the distribution of the ratios
for expressed genes in the two experimental samples.
Logarithms of ratios for expressed genes will have
the shape of normal distribution altered in tail areas.
The data set is then truncated at both ends, using the
methods described above, to calculate the mean and
variance of those ratios that conform to the normal
distribution. The genes whose ratios belong to this
normal distribution are considered to be equally ex-
pressed in both liver samples. These points are then
fit to a linear regression equation of the form S, =
a+b * Sy, where a and b are constants estimated by
least squares regression. Calculation of S, = (S, —a)/b
then transforms each S, value to compensate for
differences in technical variations between the two
experiments. After such transformation, a plotting of
each set of values on an axis of a two-dimensional
coordinate system gives a useful impression about the
relationship between expression profiles. All equally
expressed genes will be normally distributed around
straight line with 45° slope passing through the origin.
Differentially expressed genes will be represented by
spots with higher deviation from the central line.

Another more convenient presentation of this in-
terrelationship may be obtained if the regression line
is used as an abscissa. All genes are presented now in
the form of their deviations from equality. This form of
the presentation excludes differences in the absolute
expression of genes. Genes that are equally expressed
in the two samples have ordinates that are normally
distributes (according to KS criterion) with para-
meters mean =0, SD =0.066. The degree to which a
specific gene differs in its expression between two
samples can conveniently be presented in the form of a
ratio of the normalized data, or equivalently as the
probability (P) that the deviation (ordinate) for the
specific gene belongs to the normal distribution of
equally expressed genes with parameters mean=0,
SD = 0.066. Presentation of new expression profiles in
the form of deviations helps to concentrate attention
on differences in expressions of genes rather than
on their absolute values. Additionally, the statistical
significance for each differential expression can be ob-
tained in such a manner even from paired comparison
of two samples.

Among the 1,176 genes in the array, ~700 were
designated “non-expressed” in all samples, i.e., as
genes never expressed at a level 3 standard deviations
above background. Although it is possible that more
sensitive methods might document expression of some
of these genes, their level of expression was judged to
be too low for reliable detection by the Clontech array
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Fig. 1. Expression profile of LNCaP (A) and C4-2B (B) prostate
cancer cell lines. Gene expression in LNCaP (A) and C4-2B (B) cells
was determined using Atlas cDNA array. Note that the Raf kinase
inhibitory protein (RKIP) gene is down-regulated and the casein
kinase Il (CKIl) gene is upregulated in C4-2B cells compared to
LNCaP cells.

system. The remaining 400—-500 genes are the subjects
of this report.

RT-PCR

To confirm findings, select genes were subjected
to RT-PCR. Briefly, 0.5 pg of total RNA were reverse
transcribed and PCR-amplified using the Access
RT-PCR kit (Promega, Madison, WI). Sequences of
PCR primers and PCR conditions will be provided on
request. GAPDH, a housekeeping gene, served as an
internal control.

RESULTS

To work toward defining the transition that pro-
motes bone metastases, gene array technology was
used to determine differences in gene expression
between the non-metastatic LNCaP cell line and its
bone-metastatic derivative cell line, C4-2B. The C4-2B
cell line was derived from osseous metastases of
LNCaP cells that were repeatedly passed in nude mice
[11,12]. When injected into SCID mice, C4-2B cells
metastasize to bone and form mixed osteoblastic and

osteolytic lesions [12,13]. Thus, the LNCaP and C4-2B
cell lines represent a model of progression to prostate
cancer skeletal metastasis.

To compare gene expression between these two cell
lines, total RNA was isolated from LNCaP or C4-2B
cells, and made into probes for hybridization. This was
performed twice for each cell line to ensure consis-
tency of results. The probes were hybridized to the
Clontech Atlas human cDNA expression array II,
which allows for direct screening of 1,176 cDNAs
and includes nine additional genes (housekeeping
genes) for normalization between hybridizations and
three negative controls include lambda, M13, and
plasmid (pUC18) DNA. Probes generated from LNCaP
and C4-2B cells were hybridized on two separate
membranes (Fig. 1).

To evaluate the array results, spot densitometries
were performed (see Materials and Methods) on the
membranes hybridized with C4-2B or LNCaP probes.
Densitometric values for each spot were normalized
to the background and the two expression profiles
were compared after re-scaling as described in Mate-
rials and Methods. The comparative analysis of two
expression profiles obtained with RNA from two
passages of LNCaP cells is presented in Figure 2. This
figure is obtained from regression analysis of two
samples and after axis transformation, in which the
regression line becomes the abscissa and the ordinate
is a measure of deviation from regression.

1.0

-0.5 1

-1.0 . . : : :
10 102 10° 10* 10°

level of expression

deviation from identical expression

Fig. 2. Comparative analysis of similar data from the same
source (RNA from different passages of the same cell line LNCaP).
Each circle presents single gene. The abscissa characterizes the level
of expression. The open circles represent genes that are equally
expressed in both samples; their ordinates are characterized by
a distribution with mean=0 and SD =0.066. The dashed hori-
zontal lines represent borders at P =0.025 and 0.975. Filled circles
correspond to the differentially expressed genes at this level of
significance.



14 Fuetal.

Genes that are equally expressed in these two
samples (clear circles) have ordinates that are nor-
mally distributed (according to KS criterion) with
parameters mean =0, SD =0.066. The degree to which
a specific gene differs in its expression between two
samples can conveniently be presented in the form of
a ratio of the normalized data (i.e., as S'»/Sy), together
with the probability (P) that the deviation from ab-
scissa in Figure 2 for the specific gene belongs to the
normal distribution of equally expressed genes.

The comparative analysis of these two samples
from the same source (different passages of the same
cell line) revealed 35 differentially expressed pairs
above or below the borderlines for P =0.025 and 0.0975.
These genes may represent genes with natural high
variability (related with cycle control for example) or
expression that are different simply by chance. These
genes were excluded from further comparative ana-
lysis of samples from different sources.

In the next step, a comparative analysis of gene
expression between the C4-2B and LNCaP cell lines
was performed (Comparison A, Fig. 1). After normal-
ization and re-scaling of the gene expression profiles,
we selected about 200 genes expressed in both samples
above background (normalized expression >3). The
significance of difference in expression of each gene
can be determined as presented in Figure 2. Only
genes with difference in expression above the sig-
nificant threshold P=0.025 are presented in Table I.
Thirty-five genes were identified that were differen-
tially expressed. Of these 35, approximately 10 of them
(5% of 200 expressed genes) could appear by chance
only. For each gene in Table I, we calculated also the
ratio of expressions in two examples.

Spots that were consistently changed in two sepa-
rate experiments comparing C4-2B and LNCaP are
reported in Table I. Some of the changes are of the
order of 1.7-2.0; these may be of marginal physiolo-
gical significance, but are included for completeness.
Thirty-five cDNAs were found to be altered in a con-
sistent manner, with 30 being up-regulated and 5
down-regulated in the C4-2B vs. LNCaP (Table D).
As expected, the expressed housekeeping controls in
row G are also of similar relative intensity from one
cell line to the other. mRNA expression profiles of
those genes were confirmed by RT-PCR (Fig. 4; data
not shown). The negative controls built into the mem-
brane in the bottom row were all completely negative
on all membranes (data not shown).

The environment in which prostate cancer grows
may influence its phenotype [14]. Thus, we hypothe-
sized that factors secreted by osteoblasts in the bone
environment may promote a gene expression that
contributes to the progression prostate cancer skele-
tal metastases. To test this hypothesis, we compared

changes in gene expression between LNCaP cells
grown in the absence and presence of conditioned
medium from HOBIT (Comparison B). We found that
24 genes displayed a greater than two-fold increase
in expression levels after HOBIT-conditioned medium
treatment, whereas six genes displayed more than
50% decrease in gene expression (Table II). The nega-
tive controls built into the membrane in the bottom
row were all completely negative on all membranes
(data not shown).

We and others have previously documented that
C4-2B cells take on an osteoblast-like phenotype [15,16],
which is consistent with the idea that the bone en-
vironment influences the prostate cancer cell gene
expression. To determine if the bone environment in-
fluences the gene expression of prostate cancer cells,
we compared changes in gene expression of the C4-2B
cells vs. LNCaP cells to the changes in gene expression
in LNCaP cells grown in HOBIT-conditioned media
(CM) compared to HOBIT complete media (i.e., we
compared Comparison A vs. Comparison B). We iden-
tified that 19 genes that were differentially expressed
in C4-2B vs. LNCaP cells, displayed a similar expres-
sion pattern in LNCaP grown in HOBIT conditioned
medium vs. the absence of CM (Fig. 3). RT-PCR was
used to confirm the gene expression levels (Fig. 4).
These genes and their functions are described in
Table IIL

DISCUSSION

The current study demonstrates that osteoblast-like
cells produce soluble factors that induce a gene expre-
ssion pattern in non-metastatic prostate cancer cells
similar to that found in prostate cancer cells derived
from bone metastases. This finding is consistent with
the hypothesis that components of the bone environ-
ment, such as osteoblasts, contribute to the phenotype
of prostate cancer skeletal metastases.

DNA array technology has been used to evaluate
differences in gene expression prostate cancer tissues
and cell lines [17-22]. The current report is the first
evaluation of a non-metastatic cell line and its bone-
metastatic derivative. Approximately thirty-five genes
were found to be differentially expressed as confir-
med by RT-PCR. These genes are involved in several
important cellular events, including signal transduc-
tion, metabolism, transcription, and tumorigenesis.
For example, our observation that calgizzarin mRNA,
also called S100A11, was increased in the C4-2B cells
may have pathophysiological importance. Specifically,
calgizzarin is one of several genes expressed in breast
cancer-derived metastatic axillary lymph nodes, but
not in normal lymph nodes or breast fibroadenomas
[23]. This implies that overexpression of S100A11
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TABLE |I. List of Genes Differentially Expressed in C4-2B Vs. LNCaP Determined by cDNA Microarray Analyses

Function Coordinate Genes Accession no. P value -Fold
Cytoskeleton and Fl4c Atrophin-1; dentatorubral-oallidoluysian D31840 0.000911 2.5
motility proteins atrophy protein (DRPLA)
Extracellular E06a Similar to mouse growth/differentiation N32093 0.000251 0.2
cell signaling & factor 7 precursor (GDF7)
communication
EO6k Natriuretic peptide precursor B (BNP) M25296 0.000174 2.7
Cell adhesion B04b Symplekin U49240 0.000950 *
receptors
and proteins
BO05i HLA-B-associated transcript 2; large M33509 0.000405 2.7
proline-rich protein BAT2
B04n Antileukoproteinase 1 precursor (ALP); X04470 0.000001 4.9
HUSI-1; seminal proteinase inhibitor;
secretory leukocyte protease inhibitor;
BLO1; mucus proteinase inhibitor (MPI)
Intracellular E08n Beta-adrenergic receptor kinase 1 X61157 0.000353 7.3
transducers/ (BARK1); G protein-coupled receptor
effectors/ kinase 2 (GRK2)
modulators
F03g Calgizzarin; S100C protein; MLN70 D38583 0.000456 2.8
E081 G protein-coupled receptor kinase 6 (GRK 6) L16862 0.000023 4.0
E09f Casein kinase II beta subunit (CKII); X16937 0.000986 2.6
phosvitin; CSNK2B
E08a Beta-adaptin 1; plasma membrane adaptor L13939 0.000998 22
HA/AP2 adaptin beta subunit; clathrin
assembly protein complex 2 beta large
subunit; AP105A; ATDB1; BAM22
E08i Interleukin-1 receptor-associated kinase L76191 0.000991 2.5
(IRAK)
FO3n 14-3-3 protein epsilon (mitochondrial U28936 0.000358 6.2
import stimulation factor L subunit)
(protein kinase C inhibitor protein -1)
Metabolism C14d Phosphatidylethanolamine-binding protein D16111 1.03E-12 0.3
(PBP); Raf kinase inhibitor protein (RKIP)
Cl4h Farnesyl pyrophosphate synthetase J05262 0.000895 2.6
C14i Squalene synthetase X69141 0.000106 2.7
C141 MPD U49260 0.000016 2.7
C09n Lysosomal alpha-mannosidase U60266 0.000979 2.3
Cl2g Peroxidase enoyl-CoA hydratase U16660 0.000426 3.1
DO02n Cytosolic thymidine kinase (Tk1) K02581 0.000306 29
Oncogenes and tumor B09¢g Cysteine-rich protein 2 (CRP2) D42123 0.000245 6.0
suppressors (ESP1 protein)
B11b Ras-related protein RAB-8; oncogene c-mel X56741 0.000002 6.2
B10g Nuclear pore complex protein 214 X64228 0.000963 3.3
(NUP214); CAN protein
BO8h Zinc finger protein hrx; ALL-1; MLL 104284 0.000993 4.1
B09d AF-17 protein U07932 0.000899 1.9
Trafficking/targeting C04k ER lumen protein retaining receptor 1; X55885 0.000977 3.0
proteins KDEL receptor 1; ERD21
Co6k Syntaxin 3 (STX3) U32315 0.000060 4.4
C03n ADP-ribosylation factor 1 M36340 0.000986 3.2
Co7d Ras-related protein RAB-11B; YPT3 X79780 0.000946 0.5
Transcription (factors) B02a Cysteine-rich protein 1 (CRP1) M33146 0.000001 2.7
A091 Hepatocyte nuclear factor 3-alpha (HNF-3o) U39840 0.000866 24
Al11d Homeobox protein NKX-3.1 UB0669 0.000898 1.9
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TABLE I. (Continued)

Function Coordinate Genes Accession no. P value -Fold
Al3c SREBP-1-basic-helix-loop-helix-leucine U00968 0.000988 1.7
zipper protein
Others DO07e 60s ribosomal protein L22 (RPL 22) X59357 4.49E-07 0.3
AO01b CD81 antigen; 26-kDa cell surface protein M33680 0.000913 0.5

TAPA-1

This table was generated from a comparison of RNA from osteogenic C4-2B and non-osteogenic LNCaP. This assay was repeated and

the similar results were observed.

*Stands for the genes which only detected in C4-2B, but not in LNCaP.

LNCaP vs C4-2B LNCaP vs LNCaP(CM)

11 genes

16 genes

19 genes

Fig. 3. Similarity of genes that are differentially expressed in
LNCaP vs.C4-2B and LNCaP vs. LNCaP grown in osteoblast cell-
CM. The overlap indicates the genes that are similarly regulated
between the two comparisons. These data were derived from
Tables land Il.

might be of importance in the cancer progression
and metastasis process. Interestingly, one of its family
members, S100A4, has been shown to be closely rela-
ted to metastasis of several cancers [24-26]. Another
example of the potential implication of these data is the
observation of increased mevalonate pyrophosphate

L LELL LC LC

Access No..  X61157 LI6862 X16937 L7619l
LE L LE LG
Access No.. KO2581 X56741 X64228 U32315

decarboxylase (MPD) mRNA expression in the C4-2B
cells. MPD is involved in the isoprenoid synthetic
pathway, which is critical for cell growth, and inhi-
bition MPD using phenylacetate diminished growth
of a variety of tumors [27]. Thus, these data have
the potential to provide target molecules to investi-
gate the molecular basis for the progression of prostate
cancer metastasis.

The mechanism through which prostate cancer
metastasizes to the bone is undefined (reviewed in
[28-30]). The “seed-and-soil” theory proposed by
Paget emphasizes the importance of host milieu (“soil”’)
that determines the selectivity of cancer metasta-
sis (“seed”’) [31]. In prostate cancer metastases, it is
likely that a reciprocal interaction mediated by bone
remodeling factors, growth factors, and extracellular
matrices occurs between prostate cancer cells and
bone cells. This hypothesis is supported by the obser-
vation that HOBIT cell CM influenced gene expression
in LNCaP cells. The interaction between prostate
cancer cells and their target tissue has been previously
demonstrated. For example, a critical interaction be-
tween prostatic epithelium and organ-specific stromal
cells contributes to the androgen-independent pro-
gression of prostate cancer and acquisition of meta-
static potential to skeleton and lymph nodes [11,32].

LEC LC LC LeC LC

U28936  DI6111  X69141  U49260 USB0266 Ul6660

LC LC

M36340 X79780 M33146  U39840  X59357

Fig. 4. RT-PCR analysis of genes that demonstrate similar patterns of expression in LNCaP vs.C4-2B compared to LNCaP vs. LNCaP grown
in osteoblast cell-CM. Total RNA was obtained from LNCaP (L) or C4-2B (C) cells and subjected to RT-PCR. Genes are described by their

Genbank accession number. The gene names and properties can be

found inTable Il
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TABLE Il. List of Genes Differentially Expressed in LNCaP(CM)Vs. LNCaP Determined by cDNA Microarray Analyses

Function Coordinate Genes Accession no. P value -Fold
Cell adhesion receptors BO05i HLA-B associated transcript 2; large M33509 0.000995 2.0
and proteins proline-rich protein BAT2
Intracellular transducers/ EO8n Beta-adrenergic receptor kinase 1 X61157 0.000044 17.6
effectors/modulators (BARK1); G protein-coupled
receptor kinase 2 (GRK2)
E081 G protein-coupled receptor kinase 6 L16862 0.000938 4.0
(GRKG®6)
E09f Casein kinase II beta subunit (CKII); X16937 0.000920 2.0
phosvitin; CSNK2B
E08i Interleukin-1 receptor-associated kinase L76191 0.000008 3.6
(IRAK)
FO3n 14-3-3 protein epsilon (mitochondrial U28936 0.000958 2.0

import stimulation factor L subunit)
(protein kinase C inhibitor protein-1)
Metabolism Cl4d Phosphatidylethanolamine-binding D16111 1.14E-11 0.2
protein (PBP); Raf kinase inhibitor
protein (RKIP)

C141 Mevalonate pyrophosphate U49260 0.000160 2.2
decarboxylase (MPD)
C09n Lysosomal alpha-mannosidase U60266 0.000983 2.4
Cl2g Peroxidase enoyl-CoA hydratase U16660 0.000996 2.0
DO02n Cytosolic thymidine kinase (TK1) K02581 0.000002 22
Cllm Mitochondrial ATP synthase alpha chain D14710 0.000981 2.7
precursor; ATP5A1
C13j Brain-form phosphoglycerate mutase; J04173 1.38E-08 0.2
PGAM-B; BPG-dependent PGAM
DO05f Lysosomal acid phosphatase precursor X12548 0.000404 0.5
(LAP); ACP2
C14i Squalene synthetase X69141 0.000780 0.2
Oncogenes and tumor B11b Ras-related protein RAB-8; oncogene X56741 0.000917 55
suppressors c-mel
B10g Nuclear pore complex protein 214 X64228 0.000968 32
(NUP214); CAN protein
BO7f Breakpoint cluster region protein (BCR) X02596 0.000305 2.0
Trafficking/targeting CO6k Syntaxin 3 (STX3) U32315 0.000945 3.6
proteins
C03n ADP-ribosylation factor 1 M36340 0.000997 2.0
C07d Ras-related protein RAB-11B; YPT3 X79780 0.000140 0.5
o8l Syntaxin 5 (STX5) U26648 0.000981 2.6
C03h Ras-related protein RAB-5C U18420 0.000993 2.0
Transcription (factors) B02a Cysteine-rich protein 1 (CRP1) M33146 0.000968 2.0
A091 Hepatocyte nuclear factor 3-alpha U39840 0.000977 2.0
(HNF-3o)
B02k MEL-18 ring-finger protein D13969 0.000862 4.0
Others D07e 60s ribosomal protein L22 (RPL22) X59357 6.64E-05 0.5
F07a Cathepsin D precursor (CTSD) M11233 0.000931 2.0
D07a Platelet-activating factor acetylhydrolase D63391 0.000988 2.5
IB gamma subunit
D14d Ubiquitously expressed nuclear receptor U07132 0.000999 2.4

This table was generated from a comparison of RNA from LNCaP grown in Hobit condition medium and regular LNCaP. This assay
was repeated and similar results were observed.
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TABLE Ill. Gene Expression ChangesThat Are Similar in Both C4-2B Cells and LNCaP Cells Grown in Osteoblast-Like Cell

Conditioned Medium

Genes Accession no. Change Functions

Beta-adrenergic kinase 1 X61157 T A ubiquitous cytosolic enzyme that specifically phosphorylates
(BARK1); G protein-coupled the activated form of the beta-adrenergic and related
receptor kinase 2 (GRK2) G-protein-coupled receptors

G protein-coupled receptor L16862 T Plays an important role in phosphorylating and regulating
kinase 6 (GRK®6) the activity of a variety of G protein-coupled receptors

Casein kinase II beta subunit X16937 1 A ubiquitous messenger-independent serine/threonine
(CKII); phosvitin; CSNK2B kinase, localized in both the cytoplasm and the nucleus

Interleukin-1 receptor-associated L76191 T A kinase associated with interleukin-1 receptor and
kinase (IRAK) participates in IL-1 and IL-18 signal transduction

14-3-3 protein epsilon U28936 7 Plays key functional roles in many critical physiological
(mitochondrial import pathways that are regulated by phosphorylation. It binds
stimulation factor L subunit) to the phosphorylated target, which completes a change
(protein kinase C inhibitor in structure that regulates activity
protein-1)

Phosphatidylethanolamine- D16111 l Is the precursor of the hippocampal neurostimulating peptide,
binding protein (PBP); Raf which enhances the synthesis of choline acetyltransferase.
kinase inhibitor protein (RKIP) In addition, it inhibits the phosphorylation and activation

of MEK by RAF1

Squalene synthetase X69141 7 Catalyzes the reductive head-to-head condensation of

two molecules of farnesyl diphosphate to from squalene,
the first specific intermediate in the cholesterol
biosynthetic pathway

MPD U49260 1 Catalyzes the conversion of mevalonate pyrophosphate

into isopentenyl pyrophosphate, which is one of the early
steps in cholesterol biosynthesis

Lysosmal alpha-mannosidase U60266 1 Required for the degradation of N-linked carbohydrates

during glycoprotein catabolism in eukaryotic cells

Peroxidase enoyl-CoA hydratase U16660 7 One of the enzymes of the peroxisomal beta-oxidation system

Cytosolic thymidine kinase (TK1) K02581 1 Catalyzes the phosphorylation of thymidine to

deoxythymidine monophosphate

Ras-related protein RAB-§; X56741 T May play a role in the transport of proteins from the
oncogene c-mel endoplasmic reticulum to the Golgi and the plasma

membrane

Nuclear pore complex protein 214 X64228 7 An FXFG repeat-containing protein involved in myeloid
(NUP214); CAN protein leukemia in humans. It is a component of the

vertabrate nucleopore complex (NPC), a 125-megadalton
multiprotein assembly that mediates nucleocytoplasmic
transport
Syntaxin 3 (STX3) U32315 T A cellular receptor for transport vesicles and one of
major components of vesicle trafficking

ADP-ribosylation factor 1 M36340 1 A guanine nucleotide-binding protein that stimulates
cholera toxin ADP-ribosyltransferase activity and is
involved in vesicular transport and functioning as
activators of phospholipase D

Ras-related protein X79780 ! Plays a critical role in regulating exocytotic and
RAB-11B;YPT3 endocytotic pathways

Cysteine-rich protein 1 (CRP1) M33146 1 A highly conserved, cell cycle-regulated gene that is induced

in the immediate early response to serum repletion in
serum-starved, noncycling cells

Hepatocyte nuclear factor U39840 1 A member of the forkhead class of DNA-binding proteins
3-alpha (HNF-30)

60s ribosomal protein X59357 ! One of the five proteins necessary for the formation of an

L22 (RPL22)

early intermediate of the 235 rRNA in the assembly of
the large ribosomal subunit
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Additionally, it has been shown that either soluble
growth factors or extracellular matrices play an essen-
tial role in affecting cancer epithelium growth and
differentiation and that interruption of this interac-
tion abrogates cancer cell growth and delayed disease
progression [33].

We and others have previously documented that
C4-2B cells possess an osteoblast-like phenotype,
including the ability to mineralize and express the
osteoblastic transcription factor Cbfal [15,16]. This
observation is consistent with the idea that the bone
environment influences prostate cancer cell gene
expression as previously proposed [34]. Several pro-
teins have been implicated in the production of
osteoblastic metastases in prostate cancers including
urokinase [35] and endothelin-1 [36]. The observation
that HOBIT-CM induced a similar gene expression
pattern in LNCaP cells as observed in C4-2B cells
suggests that the bone environment is an important
influence on prostate cancer skeletal metastases. The
genes expression modulated by the HOBIT-CM or
present in C42B vs. LNCaP cells (Table III) encom-
pass a wide variety of functions. Several of these genes
may provide a growth advantage to prostate cancer
cells in the bone environment through enhancement
of overall tumor cell growth or a proliferative effect
or prevention of apoptosis. The function of these
genes in prostate cancer is not known at this time;
however, these findings provide the foundation for
future studies. A limitation of this study is the cell
models used. For example, although C4-2B cells meta-
stasize to bone, their metastatic rate is low (approxi-
mately 15-25%), and they metastasize to sites other
than bone. Thus, several of the changes in gene ex-
pression we observed may not be specific to bone
metastases.

In conclusion, we identified that changes in gene
expression during prostate cancer progression to a
metastatic phenotype and after exposure to osteoblast-
produced soluble factors have some similarities. Our
data support the contention that soluble factors pre-
sent in the bone microenvironment contribute, in part,
to the progression of prostate cancer skeletal metas-
tases. In addition to identifying genes that may con-
tribute to prostate cancer progression, these findings
have enhanced our awareness of the large repertoire
of genes and the multiple cell processes and signal-
ing pathways altered in prostate cancer skeletal
metastases.
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