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Abstract
There is increased interest in the effects of secretory products from aged cells on promoting both
benign and malignant cell growth. We identified a human fibroblast line, AG04382, from an aged
donor that naturally demonstrated senescence-associated features and whose conditioned media
significantly induced proliferation of benign prostatic hyperplasia (BPH1) cells. Candidate
cytokines mediating this effect were identified with protein arrays and validated by ELISA. We
found that the AG04382 fibroblast line secreted high levels of CXCL5, CCL5, and CCL2, but
relative to the other lines, its conditioned media was unique in its increased expression of CCL5.
Blocking studies using specific antibodies against CXCL5, CCL5, and CCL2 in the conditioned
media of AG04382 showed that only CCL5 contributed significantly to BPH1 proliferation.
Stimulation of BPH1 cells with rhuCCL5 resulted in increased proliferation and migration, as well
as significant changes in the expression of genes that influence angiogenesis. These data suggest
that CCL5 is a candidate chemokine secreted by aged cells that promotes prostate growth and
regulates angiogenesis.
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Introduction
There is a close correlation between host age and the prevalence of both benign (prostatic
hyperplasia) and malignant (cancer) prostate disease (Balducci and Ershler 2005;
Untergasser et al. 2005; Nelen 2007). Accordingly, much attention has focused on the role
of “senescent” stromal cells in the aged prostate (Choi et al. 2000; Begley et al. 2005; Bavik
et al. 2006; Dean and Nelson 2008). Although senescence is strictly defined as replicative
arrest, it is increasingly appreciated that senescent cells remain highly metabolically active
(DiPaolo et al. 1995; Choi et al. 2000; Reed et al. 2001; Castro et al. 2003; Begley et al.
2005; Begley et al. 2007; Liu and Hornsby 2007; Begley et al. 2008; Sprenger et al. 2008).
Indeed, as stromal cells age, their gene expression and secretory profiles change and
dynamically influence the behavior of nearby epithelial cells (Campisi 2005; Bavik et al.
2006). Stromal-epithelial interactions in the tissue microenvironment are proposed to
regulate both the initiation and progression of prostate growth (Ao et al. 2007). For example,
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fibroblast derived secretory products, such as CXCL-12, CXCL- 13, IL6, IL8, and fibroblast
growth factor (FGF) 7, induce the proliferation of prostate epithelium (Begley et al. 2005;
Campisi 2005; Egeblad et al. 2005; Bavik et al. 2006). Conversely, epithelial cells express
factors that further promote stromal cell replication and secretion (Giri and Ittmann 2000;
Giri and Ittmann 2001). Many of these paracrine interactions are mediated by cytokines,
which then potentiate cross-talk between the stroma, the epithelium, and the matrix resulting
in the complicated histology noted in BPH (Begley et al. 2008).

Identification of specific mediators that are produced by aged cells will promote
understanding of how aging initiates and/or potentiates the growth of certain tissues.
Defining these interactions is valuable whether the cells are frankly senescent or derived
from an aged host and exhibiting markers of senescence. In this study, we identified a
fibroblast line from an elderly donor that had phenotypic features of senescence.
Conditioned media from these cells enhanced the growth of the benign prostatic hyperplasia
epithelial cell line, BPH1. Further analyses for potential paracrine modulators demonstrated
that the chemokine, CCL5, in the conditioned media of the aged fibroblasts was responsible,
in part, for inducing proliferation of the BPH1 cells. In addition, CCL5 stimulation resulted
in significant changes in a limited number of BPH1 genes that regulate tissue growth and
angiogenesis.

Methods
Cells

Primary fibroblast cultures AG13153 (30yrs), AG11747 (22yrs), AG04152 (82yrs), and
AG04382 (81yrs) were obtained from the Aging Cell Repository, NIA at the Coriell
Institute (Camden, NJ), and were grown in DMEM (Mediatech, Inc., Manassas, VA) with
5% FBS, 2mM L- glutamine, 100 U/ml penicillin, 100 ug/ml streptomycin, and 2.5 ug/ml
fungizone/amphotericin B (Invitrogen, Carlsbad, CA). Only early passage (passage number
at <50% of expected population doublings) cells were utilized for the experiments reported
below. To collect conditioned media, fibroblasts were grown to confluence and then
changed to serum free DMEM for 8 hours. Media were then changed to a minimal amount
of serum free media that were then collected after 48 hours of incubation. Media were spun
down to eliminate any floating cells and stored at −80°C.

BPH1 cells (a kind gift from Dr. Simon Hayward, Vanderbilt University) represent a non-
tumorigenic line established from epithelial cells of benign prostatic hyperplasia and then
immortalized with SV40-T. BPH1 cells were used for most of the experiments because of
their derivation from hyperplastic prostate tissue and their stable phenotype in vitro
(Hayward et al 1995). BPH1 cells were grown in DMEM (Mediatech, Inc) with 5% FBS,
2mM L-glutamine, 100 U/ml penicillin, 100 ug/ml streptomycin, and 2.5 ug/ml fungizone/
amphotericin B (Invitrogen).

Prostate epithelial cells were isolated from a primary prostate cell line that were initially
primarily stromal in content (Lonza, Walkersville, MD). Cells were confirmed to be
epithelial by morphology and cytokeratin 18 staining (Santa Cruz Biotechnology, Santa
Cruz, CA).

Senescence-associated beta-galactosidase (SA-beta-gal) Staining
Fibroblasts were grown to subconfluence on 35 mm cell culture dishes, washed with PBS,
and fixed with 2% formaldehyde/2% glutaraldehyde in PBS for 10 min. After 2 rinses in
PBS, cells were incubated with beta-galactosidase substrate staining solution (150 mM
NaCL, 2 mM MgCl2, 5 mM potassium ferricyanide, 5 mM potassium ferrocyanide, 40 mM
citric acid, and 12 mM sodium phosphate, pH 6.0, containing 1 mg/ml X-gal {5-bromo-4-
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chloro-3-indolyl-β-D-galactopyranoside}) (Invitrogen) for 24 h at 37°C. Senescent cells
were identified by blue/green-staining (Dimri et al. 1995).

Proliferation Assays
Proliferation was measured in a Packard Fusion 3.5 Universal microplate analyzer using the
CyQuant assay (Invitrogen) according to themanufacturer’s protocol. Briefly, cells
wereplated into 96-well plates at 3,000 cells per well and allowedto attach overnight. The
cells were then fed with conditioned media from fibroblasts with 1%FBS or control media
(DMEM with 1%FBS) and incubated for an additional 24, 48, and 72 hours. To measure the
specific effect of CCL5 on BPH1 and PEC proliferation, 2,000 cells were plated in 96 well
plates and allowed to attach overnight. Media were changed to serum free for 8 hours and
then exposed to control media alone or with recombinant human CCL5 (R&D Systems,
Minneapolis, MN) at 10, 20, and 100ng/ml. Proliferation was measured at 24 and 48 hours
as above. All proliferation assays were performed at least twice in duplicate. DMEM with
10% FBS served as a positive stimulus.

Protein Arrays
The relative amounts of cytokines secreted by the different fibroblast lines were analyzed
with the RayBio® Human Cytokine Antibody arrays (RayBiotech, Inc, Norcross, GA). The
array assesses 42 cytokines with 3 positive and 3 negative controls. Equivalent amounts of
total protein from conditioned media of fibroblast lines AG13153, AG11747, AG04152, and
AG04382 were added in duplicate wells according to the manufacturer’s instructions.
Relative values were quantified by densitometry.

CCL5 ELISA
Conditioned media were collected as described above. Media representing equivalent
amounts of total protein from each fibroblast line were assessed for CCL5 using the Human
RANTES ELISA kit (RayBiotech) as per manufacturer’s protocol. Data were analyzed from
conditioned media obtained on 2 different collections.

Blocking Antibodies
The specific effects of cytokines highly expressed in the conditioned media of fibroblasts
AG04382 were determined using blocking antibodies to CCL5, CXCL5, and CCL2 (R&D
Systems) in the proliferation assay. Briefly, 2,000 cells were plated in 96 well plates and
allowed to attach overnight. Media were changed to serum free for 8 hours. Cells were then
exposed to conditioned media from AG04382 alone or conditioned media from AG04382
with blocking antibodies to CCL5, CXCL5, CCL2 (R&D Systems) at 8 and 16μg/ml.
GM6001 was used as a negative control at 25μM (Sigma, St. Louis, MO) and proliferation
was measured at 24 and 48 hours as above in duplicate experiments performed on different
dates.

Migration Assays
BPH1 cells were plated at confluence in the upper wells of a 24 well Transwell Fluoroblock
Assay (8μm pore size, BD Biosciences Falcon, Franklin Lakes, NJ) and allowed to attach
for 3 hours in DMEM with 5% FBS. After attachment, media were changed twice to achieve
DMEM with 1%FBS. The bottom wells were then filled with either control media (DMEM
with 1% FBS) alone or control media with CCL5 20ng/ml. DMEM with 10% FBS was a
positive stimulus. Cells were allowed to migrate through the pores for 18 hours. Migrated
cells were stained with DAPI (1μM) and counted in 4 fields from at least 2 wells. Data were
analyzed from assays performed on 2 separate dates.
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SA Biosciences Arrays
RT PCR arrays were analyzed to determine the effect of CCL5 stimulation on the expression
of BPH1 genes. The pathways chosen were 1) Extracellular matrix and adhesion molecules
and 2) Angiogenesis promoters and inhibitors (SA Biosciences, Frederick, MD), based on
our interest in genes that would affect the extracellular microenvironment and blood vessel
growth. Each array contains 84 genes and 5 housekeeping genes including beta-2-
microglobulin, hypoxanthine phosphoribosyl transferase, ribosomal protein L13a, actin/beta,
and GAPDH. In addition each array has 3 PCR positive controls, 3 reverse transcription
controls and a control for detecting genomic DNA contamination. RNA was extracted by
Rneasy plus minikit (Qiagen, Valencia, CA) from BPH1 cells treated with control or CCL5
(20ng/ml) for 24 hrs. cDNA was made and RT PCR were performed as per the
manufacture’s protocol from SA Biosciences. Two separate experiments were analyzed on
different dates for each Array. Fold differences were calculated using PCR array data
analysis web portal (SA Biosciences). Genes that were either up regulated or down regulated
by >40% in both experiments were considered significant based on prior studies describing
the effects of age on protein secretion and cellular functions (Swift et al. 1999; Sadoun and
Reed 2003).

Statistical Analysis
To determine differences between experimental and control groups statistical significance (p
<0.05 with Bonferroni corrections for multiple comparisons) was determined by the two-
tailed student’s paired t-test with unequal variance.

Results
Conditioned media from aged fibroblasts induce the proliferation of BPH cells

We began by examination of 4 human fibroblast lines that we previously characterized
(Reed et al. 1994; Reed et al. 2001): AG13153 (30yrs), AG11747 (22yrs), AG04152
(82yrs), and AG04382 (81yrs). Fibroblasts were used because of their careful derivation,
stable phenotype, their longstanding use in studies of aging, and their availability (at early
passage) from donors of a wide range of ages. Each line was examined at early passage for
features associated with senescence including in situ staining for SA-beta-galactosidase
(Dimri et al. 1995), increased secretion of matrix metalloproteinase (MMP) 1/2 activity, and
decreased proliferative activity (Reed et al. 2001). Relative to the other fibroblasts, cells
from line AG04382 naturally demonstrated more staining for senescence associated beta
galactosidase (Figure 1B), slower proliferation, increased MMP1/2 activity and an increased
cytoplasmic to nuclear ratio (data not shown). Both AG04382 and media from AG04152, a
cell line that did not highly express features of senescence (Figure 1A), induced significant
increases in proliferation relative to control media (DMEM with 1%) at 48 and 72 hours.
However, conditioned media from AG04382 had a significantly greater effect than that of
AG04152 on the proliferation of BPH1 cells at 72 hours (Figure 1C).

The cytokine profiles of conditioned media from aged fibroblasts differ from that of non-
senescent fibroblasts

The secretory profile of the 4 fibroblast lines were analyzed, focusing on cytokines which
have been reported to be increasingly expressed by aged prostate stromal cells (Giri and
Ittmann 2000; Giri and Ittmann 2001; Castro et al. 2003; Castro et al. 2004; Konig et al.
2004; Begley et al. 2005; Ao et al. 2007; Begley et al. 2007). Using RayBio human cytokine
antibody arrays, we noted significant differences in relative secretion of CXCL5, CCL5, and
CCL2 among the cell lines (Figure 2A). Unlike CXCL5 and CCL2, CCL5 expression was
higher in media from AG04382 relative to the other fibroblasts. A CCL5 ELISA confirmed
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increased expression of CCL5 in the conditioned media of line AG04382 compared to the
other fibroblast lines (Figure 2B).

Blockade of CCL5 in the conditioned media of senescent fibroblasts inhibits the
proliferation of BPH cells

We next sought to determine the effect of blocking CCL5 in the conditioned media of
AG04382 on BPH1 proliferation. BPH1 cells were used because they are an SV40-T
immortalized primary human prostate epithelial cell line derived from hyperplastic prostatic
tissue and maintain a consistent phenotype in cell culture. Neutralizing antibodies directed
against CCL5, CXCL5, or CCL2 were added to the conditioned media from AG04382 and
then incubated with BPH1 cells in a proliferation assay. GM6001 was added as a complete
inhibitor of proliferation. Blocking antibodies to CCL5 significantly reduced proliferation
relative to cells incubated in conditioned media alone or with conditioned media containing
blocking antibodies to CCL2 or CXCL5 (Figure 3). These results suggest that CCL5 is a
specific chemokine in the media from AG04382 that promotes the growth of BPH1 cells.

Addition of CCL5 induces increased migration and proliferation
It is established that CCL5 induces proliferation, migration, and invasiveness of prostate and
other tumor cells (Stormes et al. 2005; Vaday et al. 2006). Similarly, BPH1 cells stimulated
with bioactive recombinant human CCL5 (20ng/ml in control media) significantly increased
migration across an 8μm pore Transwell membrane compared to control media (DMEM
with 1% FBS) alone. DMEM with 10% FBS was used as a positive control (Figure 4A).

The addition of rhuCCL5 (20ng/ml) to control media also resulted in significantly increased
proliferation of BPH1 cells relative to BPH1 cells grown in control media (DMEM with
1%FBS) for 24 hours (Figure 4B). A similar increase in proliferation was noted when a
primary prostate epithelial cell line was stimulated for 24 hours with both 20ng and 100ng/
ml of rhuCCL5 (Figure 4C).

Stimulation of BPH1 cells with CCL5 influences the gene profile
We then examined the effect of CCL5 stimulation on the expression of BPH1 genes
representing regulators of cell adhesion, matrix turnover, and angiogenesis. Two separate 96
gene arrays (one for adhesion molecules and one for regulators of angiogenesis) were
examined in duplicate experiments on separate dates. CCL5 (20ng/ml) had little influence
on matrix and adhesion molecules with significant, but not large, increases noted in integrin
alpha 7, NCAM, and collagen XV alpha 1 and small decreases in laminin alpha 2.

CCL5 did not alter BPH1 gene expression of key regulators of matrix and angiogenesis,
such as MMP9, vascular endothelial cell growth factor (VEGF) A, or thrombospondin (TSP)
1. CCL5 stimulation enhanced expression of Chromogranin A, a secretory protein released
by neuroendocrine cells, and tumstatin, a cleavage fragment from collagen type IV alpha 3
that inhibits formation of new blood vessels. Of greater relevance to prostate cells and
tissues, CCL5 induced significant and sizeable increases in BPH1 transcripts for the pro-
angiogenic peptides angiogenin and pleiotrophin and decreases in the angiogenesis inhibitor
interleukin 12β (Figure 5).

Discussion
The secretory profile of aged cells differs markedly from those of their non-aged
counterparts (Reed et al. 2001; Rumpold et al. 2002; Begley et al. 2008). This stimulatory
activity is enhanced when a subset of the cells exhibit senescence (Bavik et al. 2006). The
subsequent secretion products are believed to contribute to age related diseases, such as
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benign proliferative hyperplasia (BPH) of the prostate, a significant source of morbidity for
older men (Untergasser et al. 2005). In BPH, nodules comprised of stromal cells, epithelial
cells, and matrix components increase in prevalence and size in the transitional and
periurethral zones of the prostate (Choi et al. 2000; Begley et al. 2008). Nodules grow, in
part, in response to mediators expressed by aged prostate cells that have both direct and
indirect effects on promotion of cell growth and matrix deposition. For example, over
expression of CXCL12 by aged fibroblasts enhances proliferation of human prostate
epithelial cells (Begley et al. 2005) and IL-1 secretion by prostate epithelial cells in
hyperplastic nodules results in increased stromal cell production of FGF7 (Giri and Ittmann
2000; Castro et al. 2004). Indeed, many studies of the aged prostate have focused on a broad
range of cytokines that are traditionally thought of as inflammatory markers, but are also
potent paracrine modulators of stromal-epithelial interactions (Giri and Ittmann 2000; Giri
and Ittmann 2001; Castro et al. 2004; Konig et al. 2004; Begley et al. 2005; Ao et al. 2007;
Begley et al. 2007). Whether inflammation is the starting point or a response to mechanical
changes due to prostate enlargement is a matter of ongoing debate (Mishra et al. 2007;
Nickel 2008). Certainly, many BPH nodules demonstrate rapidly replicating stromal and
epithelial cells, accompanied by marked deposition of extracellular matrix proteins, in the
absence of significant inflammation (True et al. 2008).

In this study, we identified the chemokine CCL5 as a specific product of aged fibroblasts
that induces the proliferation of BPH1 cells as well as primary prostate epithelial cells.
BPH1 cells were utilized because of their derivation from a prostatic hyperplasia and their
consistent phenotype in culture (Hayward et al. 1995). CCL5, also known as RANTES
(Regulated upon activation, normal t-cell regulated and secreted), is an 8kD pro-angiogenic
cytokine that is secreted by many cell types, including stromal cells. CCL5 is a member of a
large family of molecules whose expression is activated by inflammatory signals as well as
cellular senescence (Singh et al. 2007; Begley et al. 2008). Receptors for CCL5 include
CCR1, CCR3, and CCR5 (Elsner et al. 2000; Capoulade-Metay et al. 2006; Vaday et al.
2006; Aldinucci et al. 2008). CCL5 promotes proliferation and is chemotactic for T-cells,
white blood cells, and endothelial cells, thereby playing a key role in recruiting compounds
to inflammatory sites (Bakhiet et al. 2001; Corti et al. 2001; Adler et al. 2003; Crola Da
Silva et al. 2008). CCL5 has myriad interactions with other bioactive molecules. For
example, CCL5 is highly associated with regulation of MMPs, a family of enzymes that
control matrix turnover. CCL5 promotes the expression of MMP9 by THP-1 monocytic cells
and is correlated with decreased gene expression of MMP2, MMP3, MMP10 and MMP17
(Stormes et al. 2005).

CCL5 stimulates prostate cancer invasion and its expression in senescent prostate stroma is
associated with tumor progression (Vaday et al. 2006). CCL5 is highly expressed in
malignant tissues (Borczuk et al. 2008), but much less is known about the potential role of
CCL5 in stromal-epithelial interactions that contribute to benign processes, such as BPH. In
the normal human prostate, the tissue vasculature remains stable due to the predominance of
angiogenesis inhibitors in the tissue matrix. During BPH progression, this balance shifts to
favor angiogenesis. Key pro-angiogenic mediators are increased, e.g. VEGF and FGF2 and
MMPs, at the same time endothelial inhibitors, e.g. Thrombospondin 1, are down regulated
(Doll et al. 2001). CCL5 increases vascularity in the chick membrane assay of angiogenesis
in vivo (Azenshtein et al. 2002) and promotes angiogenesis in stimulated tissues
(Westerweel et al. 2008), but its relationship to vessel growth in the prostate remains to be
defined.

Based on the studies above, we focused on potential CCL5 effects on gene expression of
molecules that regulate angiogenesis, cell adhesion and matrix turnover, all factors that
contribute to prostate pathology in aging. Surprisingly, CCL5 did not significantly alter the
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expression of BPH1 genes for traditional growth factors, such as VEGF, or potent regulators
of matrix turnover, such as the MMPs. Moreover, CCL5 had little influence on matrix and
adhesion proteins with small increases noted only for genes representing integrin alpha 7
and NCAM, as well as collagen XV. CCL5 stimulation also resulted in decrease in BPH1
gene expression of laminin alpha 2. The implications of these relatively minor changes are
unclear as integrin alpha 7 is a tumor suppressor gene in prostate cancer, whereas expression
of collagen XV is increased in prostate cancer (Gaston et al. 2005; Ren et al. 2007)

Stimulation with CCL5 also resulted in increases in gene expression of potential
angiogenesis inhibitors, such as chromogranin A and tumstatin (Collagen type IV, alpha 3).
Chromogranin A is expressed at very low levels in most tissues except for neuroendocrine
tumors (Belloni et al. 2007). Tumstatin is a member of the large family of collagen cleavage
products that contribute to endothelial cell function (Hamano and Kalluri 2005). Other
molecules in this category include endostatin and angiostatin (Nyberg et al. 2005). Although
not readily detected in prostate tissue, these fragments of extracellular matrix proteins are
potential focal modulators of vessel growth in situ.

Of greater relevance to the prostate, CCL5 significantly enhanced BPH1 gene expression of
the ubiquitous molecules, angiogenin and pleiotrophin, both potent inducers of angiogenesis.
Angiogenin is a potent polypeptide that is known to directly promote the growth of new
vessels in the prostate (Katona et al. 2005; Yoshioka et al. 2006). Pleiotrophin is a widely
expressed heparin binding cytokine that initiates angiogenesis through multiple pathways
including augmenting the expression of the growth factors FGF and VEGF (Perez-Pinera et
al. 2007; Perez-Pinera et al. 2008). Although pleiotrophin has been previously reported not
to be present in BPH (Vacherot et al. 1999), recent descriptions of its multifunctional nature
(Magnusson et al. 2007; Perez-Pinera et al. 2008) indicate it is likely to be at least
transiently operative during prostate nodule growth. In addition, CCL5 inhibited the
expression of the cytokine interleukin 12β, a potential paracrine inhibitor of angiogenesis.

In summary, we have found that aged fibroblasts with features of the senescent phenotype
specifically increase secretion of the chemokine, CCL5. The latter induces the proliferation
of BPH1 cells. Moreover, stimulation of BPH1 cells with CCL5 enhances the expression of
genes that are modulators of angiogenesis. We propose that CCL5 is a mediator of blood
vessel development during prostate growth in the aged host.
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Figure 1.
Aged fibroblasts that demonstrate features of senescence produce conditioned media that
significantly increases proliferation of BPH1 cells. Panel B is a representative image of
dermal fibroblasts from aged donor AG04382 showing increased expression of senescence
associated β-galactosidase (SA-β-Gal) (arrows) relative to cells from aged donor AG04152
(Panel A). Magnification is 400X. Panel C shows that relative to control media (DMEM
with 1% FBS), conditioned media from both AG04152 and AG04382 stimulate the
proliferation of BPH1 cells at 48 hours and 72 hours (*=p<0.03 at both 48 and 72 hours),
but the effect of AG04382 is greater than that of conditioned media from AG04152 at 72
hours (**=p<0.002). Data are mean +/− standard deviation.
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Figure 2.
Fibroblasts that demonstrate features of senescence secrete greater amounts of CCL5. Panel
A shows cytokines that differed in the conditioned media of the 4 fibroblast lines as
measured by a protein array. Expression of cytokines CCL2/MCP-1, CXCL5/ENA78, and
CCL5/RANTES varied among aged fibroblast donors AG04382 and AG04152 and younger
donors AG13153 and AG11747. Note that CCL5 is highly expressed in conditioned media
from AG04382 relative to the other cell lines. The increase in CCL5 in the conditioned
media from AG04382, compared to the media from other lines, was confirmed by specific
ELISA as shown in Panel B. Data is mean +/− standard deviation. *=p<0.02. AG04382
relative to AG04152.
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Figure 3.
Blockade of CCL5 in the conditioned media of AG04382 inhibits the proliferation of BPH1
cells. Figure shows the effect of a blocking antibody to CCL5 on the proliferation of BPH1
cells. Both 8 and 16 μg/ml of blocking antibody added to conditioned media from AG04382
significantly inhibits proliferation of BPH1 cells. Blocking antibodies to CXCL5 did not
have an effect on BPH1 proliferation. GM6001 is shown as a negative control. Data are
mean +/− standard deviation. * and **=p<0.03 and <0.01, anti-CCL5 and GM6001
compared to AG04382, respectively.
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Figure 4.
Addition of recombinant human CCL5 increases migration and proliferation of BPH1 cells.
Panel A shows the increase, relative to control media, in the migration of BPH1 cells across
an 8μm transwell membrane in the presence of CCL5 (20ng/ml in control media). DMEM
with 10% FBS served as a positive stimulus. * and **=p<0.01 and <0.01, CCL5 and 10%
FBS compared to control media, respectively. Panel B shows a significant increase in BPH1
proliferation after 24 hours of treatment with 20 ng/ml of CCL5 compared to control media.
*=p<0.02. Stimulation with rhuCCL5 at both 20 ng/ml and 100 ng/ml also increased the
proliferation of primary prostate epithelial cells (Panel C). * and **=p<0.05 and <0.05,
CCL5 20ng/ml and CCL5 100ng/ml compared to control media, respectively. All data are
mean +/− standard deviation.
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Figure 5.
Stimulation of BPH1 cells with rhuCCL5 modulates a limited number of genes representing
adhesion molecules and regulators of angiogenesis. Figure shows all the genes from 2
separate 96 gene RT PCR pathway arrays (Matrix and Adhesion Molecules and
Angiogenesis Promoters and Inhibitors, SA Biosciences) that demonstrate at least a >40%
increase or decrease in BPH1 gene expression after stimulation with rhuCCL5 (20ng/ml).
Relative to the other pathways, CCL5 induced large changes in transcripts for genes that
regulate angiogenesis. Of note, pro-angiogenic molecules that are highly expressed in the
prostate are increased in response to CCL5.
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