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Abstract Prostatic hyperplasia (BPH) is a very common disease in elderly men and i s  characterized by abnormal 
proliferation of the stromal and epithelial cells of the prostate. The observation that BPH often occurs in association with 
chronic inflammation has led to the examination of the possibility that platelet-derived growth factor (PDGF), which i s  
released in response to inflammation, may be an etiological factor in the genesis of the disease. It has been shown that 
cultured cells derived from human prostatic tissue express high affinity PDGF-P receptors based on receptor binding 
and cross-linking studies with ['251]-PDGF-BB. The experiments presented below demonstrate that PDGF receptors are 
activated in response to the growth factor and that mitogenesis is induced. PDGF-BB treatment of cultured human 
prostate cells derived from patients with BPH activates the signal transduction pathway of the PDGF receptor as shown 
by the presence of several phosphoproteins in antiphosphotyrosine immunoprecipitates, including autophosphoryla- 
tion of the PDGF receptor. Phosphatidylinositol (PI) 3-kinase activity is also increased in cells stimulated with PDGF 
The addition of PDGF-BB to the medium causes a variable but dose-dependent increase in [3H]-thymidine incorpora- 
tion This paper describes the first demonstration that PDGF is  a potent mitogen for human cells derived from patients 
exhibiting prostatic hyperplasia, and also demonstrates that the cellular response to PDGF-BB is heterogeneous in a 
manner that i s  consistent with the varying degree of hyperplasia and inflammation clinically and histologically in the 
tissue specimens. 
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Hyperplasia of prostatic glands and stroma is 
virtually ubiquitous among aging men, causing 
urinary obstruction and necessitating more than 
400,000 surgical operations per year in the U.S. 
[Eble and Epstein, 1990; McNeal, 19901. Nor- 
mal growth and function of the prostate is depen- 
dent upon androgens. However, the exact role of 
androgens in BPH has not been elucidated. Al- 
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though testicular steroids are important for pros- 
tate development, androgens alone have not been 
shown t o  induce the proliferation of prostate 
cells in culture [McKeehan et al., 19841. In con- 
trast, growth factors such as EGF, bFGF, and 
TGF-a have been shown to stimulate prostate 
cell proliferation in culture. Thus, it has been 
proposed that androgens may act indirectly by 
regulating the expression of growth factors 
andlor growth factor receptors [Jinno et al., 
1986; Kyprianou and Isaacs, 1988; Eaton et al., 
1988; Mydlo et al., 19881. 

In addition to cellular hyperplasia, histologic 
examination of BPH tissue has revealed the 
presence of chronic inflammation I Kohnen and 
Drach, 19791. This observation has led to the 
hypothesis that inflammation may be a signifi- 
cant etiological factor in the development of 
BPH. Fibroblasts, platelets, and inflammatory 
cells release a number of chemoattractant and 
growth promoting substances [De Gaetano et 
al., 1989; Shimokado et al., 1985; Takemura and 
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Werb, 19841, including PDGF [Ross et al., 19861. 
It is possible that the inflammation often found 
in association with BPH may be responsible for 
the release of growth factors that act to induce 
cellular proliferation. Furthermore, androgens 
may be involved in modulating this process by 
affecting the capacity of prostatic elements to  
respond to mitogenic factors. 

Not only does PDGF play a central role in the 
regulation of normal cell growth, but it also is 
involved in mediating cell proliferation in athero- 
sclerosis, fibrosis, and other benign proliferative 
disorders [Antoniades, 19911. PDGF is released 
by platelets and other cells involved in the inflam- 
matory response, where it functions to stimu- 
late cellular proliferation, chemotaxis, and extra- 
cellular matrix production. Cellular responses 
to PDGF include stimulation of tyrosine kinase 
activity, hydrolysis of PtdIns, stimulation of Pt- 
dIns 3-kinase activity, an increase in the level of 
cytosolic calcium, and an increase in DNA syn- 
thesis [Williams et al., 19881. Since BPH is fre- 
quently associated with inflammation and since 
PDGF is released during inflammation, experi- 
ments were performed to determine whether 
primary cultures of human prostatic stromal 
cells derived from patients being treated for 
BPH were capable of responding to  PDGF. The 
results presented below demonstrate that pri- 
mary cultures of human prostatic stromal cells 
have functional PDGF receptors as shown by 
the activation of the PDGF receptor signal trans- 
duction cascade following exposure of the cells 
to PDGF-BB. Further, the results of these stud- 
ies indicate that PDGF-BB is a potent mitogen 
for prostatic stromal cells, and that the growth 
response is correlated to  the presence and de- 
gree of inflammation. These results suggest a 
link between inflammation, PDGF, and the de- 
velopment of BPH. 

MATERIALS AND METHODS 
Materials 

PDGF-BB was purchased from BioSource In- 
ternational (Camarillo, CAI. Antiphosphotyro- 
sine monoclonal antibodies were obtained from 
Upstate Biologicals, Inc. (Lake Placid, NY). Pro- 
tein A Sepharose, aprotinin, sodium orthovana- 
date, phosphatidylinositol, and PMSF were prod- 
ucts of the Sigma Chemical Co., Inc. (St. Louis, 
MO). [Y-~~PI-ATP (6,000 PtdIns-4-phosphate 
(inosit01-2-~H(N)) (10 Ciimmol) were products 
of New England Nuclear (Boston, MA), while 
[meth~l -~HI  thymidine (75-80 Ciimmol) was 

procured from Amersham Corp. (Arlington 
Heights, IL). Flo-Scint IV liquid scintillator was 
obtained from Radiomatic Instruments and 
Chemical Co., Inc. (Meriden, CT). Milli-Q water 
(Millipore Corp., Bedford, MA) was used for all 
aqueous solutions. Tissue culture media and 
reagents were purchased from Gibco BRL 
(Gaithersburg, MD). All other reagents were of 
the highest quality commercially available. 

Tissue Procurement 

Prostate tissue was obtained by transurethral 
resection of the prostate from patients with 
clinical diagnoses of BPH, and was assessed 
histologically with hematoxylin and eosin stain- 
ing to confirm the diagnosis. The quantity, chro- 
nicity, distribution, and cellular response of the 
inflammation in each sample were characterized 
by light microscopy (Table I). Samples of the 
tissue were stabilized in pH-balanced Hanks’ 
solution containing 8.5% sucrose for subsequent 
cell culture. This use of surplus tissue was ap- 
proved by the Institutional Review Boards of the 
Indiana University Medical Center, The Rich- 
ard L. Roudebush Veterans Affairs Medical Cen- 
ter, and the Methodist Hospital of Indianapolis. 
Tissue specimens were coded in order to main- 
tain the anonymity of the patients. 

Cell Culture 

Fresh prostatic tissue was minced and then 
chemically dissociated with collagenase (200 
unitiml) and DNAse (0.1 mgiml) at 37°C for 1 h. 
Cell aggregates were sequentially passed through 
2 mm2 and 1 mm2 stainless steel screens fol- 
lowed by passage through a 253 pm nylon mesh. 
The cell suspension was centrifuged and resus- 
pended in RPMI 1640 media supplemented with 
10% FBS, 6.9 nM testosterone, amphotericin B 
(2.5 pgiml), and gentamicin (2.5 pglml). The 
cells were plated in 75 cm2 flasks and main- 
tained in a humidified atmosphere of 95% air-5% 
C02. After 3 days in culture, the cells were 
placed on Mixed Media (1:l mixture of RPMI- 
1640:WAJC-404, Kyokuto Pharmaceutical In- 
dustrial Co., Tokyo) supplemented with 5% FBS, 
0.5 mM dexamethasone, 6.9 nM testosterone, 
prolactin (1.5 ngiml), cholera toxin (5 ngiml), 
EGF (5 nglml), bFGF (5 ngiml), bovine insulin 
(2.5 pgiml), heparin (12.5 pgiml), transferrin 
(2.5 ng/ml), selenous acid (2.5 ngiml), gentami- 
cin (2.5 pgiml), and amphotericin B (2.5 pglml). 
The medium was changed every 3-4 days. The 
cells were passaged by exposure to trypsin- 
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TABLE I. Clinical Evaluation of BPH Specimens* 

Basal 
Cell line Age Inflammation doubling Specimen 
(patient) (yr) Pathology score (0-2) time (h) size ( g )  Sites/cell 

1 57 Hyperplasia with a single focus of carcinoma 1 ND 7 411,000 

2 67 Hyperplasia with moderate acute and chronic 2 23 16 308,000 

3 75 Hyperplasia with foci of carcinoma in two 0 319 22 288,000 

4 66 Hyperplasia with chronic inflammation 2 36 22 180,000 
5 70 Hyperplasia with chronic inflammation 2 48 32 208,000 

39 10 521,000 

in one chip 

inflammation 

chips 

6 66 Hyperplasia with chronic inflammation 2 107 17 211,000 
7 65 Hyperplasia with mild chronic inflammation, 1 

8 69 Hyperplasia with mild chronic inflammation 1 

foci of carcinoma in two chips, moderate 
atrophy 

128 8 244,000 
9 67 Hyperplasia with chronic inflammation, 2 111 10 272,000 

atrophy, foci of dysplasia 

“Each of the patients underwent transuretheral resection of the prostate with the resected specimens ranging from 7 to  32 g. 
Pathologic examination including gross inspection as well as hematoxylin and eosin light microscopy of all prostatic tissues 
revealed the heterogeneity of the disease. The tissue was characterized by varying degrees of both stromal and epithelial 
hyperplasia consistent with the diagnosis of BPH. Inflammation was commonly seen, including predominant chronic inflamma- 
tory changes of diffuse and peri-ductal lymphocytic infiltrates. ND, not determined. 

EDTA solution (0.025% trypsin, 0.265 mM 
EDTA). Cell lines were originally a mix of stro- 
ma1 and epithelial cells, but after a few passages 
consisted predominantly of stromal cells. 

Swiss-3T3 cells (CCL 92) were originally pur- 
chased from the American Type Culture Collec- 
tion. The cells were routinely grown in Dulbecco’s 
Modified Eagles Media (DMEM) supplemented 
with 10% fetal bovine serum along with fungi- 
zone (2.5 kg/ml) and gentamycin (25 kg/ml) 
(GIBCO, Grand Island, NY). Cells were main- 
tained at 37°C in a humidified atmosphere of 
95% air, 5% COz, and passaged every 3-4 days. 
Cultures were maintained at low cell density in 
order to guard against spontaneous transforma- 
tion. Changes in cellular morphology were ac- 
companied with a loss of contact inhibition, an 
activation of the elements of the PDGF signal 
transduction pathway and an increase in the 
rate of cellular proliferation. Any culture that 
exhibited such changes was discarded and new 
cultures established. 

Thymidine Incorporation Assay 

Human prostate cells were seeded into Falcon 
24-well culture plates and grown to near conflu- 
ence in Mixed Media supplemented with 2.5% 
FBS (Thymidine Assay Media). This medium 
was selected based on its capacity to support 

only minimal cellular proliferation. The cells 
were serum starved for a minimum of 72 h and 
then exposed to  fresh media containing 
PDGF-BB (0-50 ngiml). Following a 24-h incu- 
bation at 37”C, the cells were incubated with 
fresh media containing 0.5 mCi r3HI-thymidine 
for 4 h at 37°C. At the end of the incubation 
period, cells were washed once with ice-cold 
PBS, twice with ice-cold 10% trichloroacetic acid, 
and finally with ice-cold methanol. The cells 
were then solubilized with 3% SDS for counting 
by liquid scintillation spectrometry using Beck- 
man Ready-Solv HP Scintillation Fluid. Data 
were expressed as incorporation of L3HI-thymi- 
dine as a percent of unstimulated controls. 

Cell Proliferation Assay 

Human prostate cells were plated in Falcon 
6-well culture plates at a density of 50,000 cells/ 
well. After 72 h in culture, baseline cell counts 
were measured using a Coulter Counter Model 
ZM (Coulter Electronic, Ltd., Luton, Bedford- 
shire, England). The remaining cells were then 
exposed to Thymidine Assay Media supple- 
mented with PDGF-BB (0-50 ng/ml). Cell 
counts of representative wells were performed 
on days 2, 4, and 7. At the same time the 
remaining cells were exposed to fresh media. 
Data generated from unstimulated cells were 
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used to determine basal doubling times. Data 
were expressed as cell number as a percent of 
the unstimulated controls. 

PDGF Receptor Binding Assay 

Human prostate cells were grown to near 
confluence in Falcon 24-well plates. Cells were 
washed with 1.0 ml PBS containing 0.5% BSA, 
followed by 1.0 ml of 20 mM acetic acid in 0.5 M 
NaCl containing 0.5% BSA (pH 3.8) to  strip any 
PDGF from receptors. Following a wash with 
PBS/0.5% BSA, cells were incubated in RPMI 
medium containing 0.5% BSA (without serum) 
for 2 h at 37°C. After the incubation period, the 
media was aspirated and the cells were washed 
twice with PBS containing 0.5% BSA. The wash 
was aspirated and replaced with 0.5 ml aliquots 
of media containing [lz5I1-PDGF-BB (Amer- 
sham Corp.) at concentrations ranging from 
0.04-2.0 nM (labeled PDGF diluted with unla- 
beled PDGF to a final specific activity of 450 
Ciimmol). The 24-well plates were incubated 2 
h at  22°C. At the end of the incubation period, 
the cells were washed three times with 1.0 ml of 
10 mM Trisi0.15 M NaCl containing 0.5% BSA, 
and the cells were then solubilized by addition of 
3% SDS. Binding was measured using a gamma 
counter. Saturation curves were determined us- 
ing Lundon 1 software (Lundon Software Inc., 
Cleveland, OH). 

Antiphosphotyrosine lmmunoprecipitations 

Swiss 3T3 cells or human prostatic cells de- 
rived from patients being treated for BPH were 
grown to near confluence in 75 cm2 flasks. The 
cells were washed with 1.0 ml PBS containing 
0.5% BSA followed by exposure to  10 ml of 
medium containing 0.5% BSA. The plates were 
then returned to the incubator for 30 min. The 
medium was withdrawn and the cells exposed to 
fresh medium containing 0.5% BSA in the ab- 
sence or presence of 10 ngiml PDGF-BB. The 
cells were returned to the incubator for 5 min, 
after which time the cells were washed with 
ice-cold PBS. The cells were then lysed in 1 ml of 
1% NP-40 lysis buffer containing 20 mM Tris- 
HC1 (pH 7.5), 137 mM NaC1, 10% glycerol, 1 mM 
MgCl,, 1 mM CaC12, 1 mM PMSF, 1 mM sodium 
orthovanadate, 10 Fgiml aprotinin, and 10 
pgiml leupeptin at  4°C for 20 min. Insoluble 
material was removed by centrifugation at 
10,OOOg for 10 min at 4°C. Antiphosphotyrosine 
antibody (5 pg) was incubated with the lysate 
supernatants for 3 h at 4°C. Immobilized pro- 

tein A Sepharose beads were used to precipitate 
the antibody-antigen complexes. Immunoprecip- 
itates were washed once with PBS and then 
twice with 0.1 M Tris-0.5 M LiCl (pH 7.5). During 
the second wash, 300 ~1 of the resuspended 
immunoprecipitate was removed for use in the 
in vitro autophosphorylation assay. The remain- 
ing material (700 pl) was assayed for PtdIns 
3-kinase activity. 

Phosphatidylinositol 3-Kinase Activity 

The antiphosphotyrosine immunopellet was 
assayed for PtdIns 3-kinase activity as described 
previously [Whitman et al., 1985; Kaplan et al., 
19871. The immunoprecipitate was washed with 
20 mM HEPES, pH 7.4, containing 10 mM 
MgC12 and 25 FM ATP, and was then resus- 
pended in 40 pl of the above buffer containing 
32 FCi [Y-~~PI-ATP. Reaction was initiated by 
the addition of 10 ~1 PtdIns sonicated in 20 mM 
HEPES buffer, pH 7.4 (0.2 mgiml final concen- 
tration). The samples were incubated at  room 
temperature for 10 min with frequent mixing, 
after which time the reaction was quenched by 
addition of 40 ~1 1 N HC1. Lipids were extracted 
with addition of 80 pl ch1oroform:methanol (1: 1, 
v:v). The samples were centrifuged and the lower 
organic phase was applied to a silica gel TLC 
plate, which was developed in CHC1,:MeOH: 
H20:NH40H (45:35:8.5:1.5, v:v). Plates were 
dried, and the kinase reaction visualized by auto- 
radiography. 

Products of the PtdIns kinase reaction were 
confirmed by HPLC [Whitman et al., 19881. 
Phospholipids were deacylated in methylamine 
reagent and separated using a Whatman Parti- 
sphere SAX anion exchange column as previously 
described [Auger et al., 19891. A Radiomatic 
Model A-100 Flo-One/Beta on-line radioactivity 
detector with Flo-Scint IV liquid scintillator was 
used to simultaneously monitor the [32Pl- 
gPtdIns enzyme products and standard r3H1- 
gPtdIns-4-P. 

In Vitro Autophosphorylation 

The antiphosphotyrosine immunopellet was 
washed with 0.2 M Tris.HC1 buffer, pH 7.5, 
containing 5 mM MnClZ. The reaction was initi- 
ated by the addition of 40 pl of the above buffer 
containing [Y-~~PI-ATP (16 FCi), and the sam- 
ples were allowed to stand 25 min at  room 
temperature. Immunoprecipitates were then 
washed with 1.0 ml of the Tris/MnClz buffer 
(without ATP) and following centrifugation, the 
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reaction was quenched by boiling the sample for 
5 min with 30 p14x SDS-PAGE sample buffer 
(0.2 M Tris.HC1, pH 6.8, containing 40% glyc- 
erol, 4% SDS, 4% P-mercaptoethanol, and 
0.025% bromphenyl blue). The [32Pl-labeled pro- 
teins were separated by SDS-PAGE on a 7.5% 
gel. Gels were dried in vacuo onto Whatman #3 
paper and were analyzed by autoradiography. 

Cross-Linking of [1251]-PDGF to PDCF-Receptor 

Prostatic stromal cells were plated in Falcon 
6-well plates at a density of 80,000-100,000 
cellsiwell. After washing with PBS containing 
0.5% BSA, cells were treated with RPMI me- 
dium containing [1251]-PDGF-BB (30 ng/ml, 0.84 
pCiirn1) in the presence or absence of nonla- 
beled PDGFBB (1 kg/ml) for 2 h at 4°C. Cells 
were washed with ice-cold PBS and then incu- 
bated for 90 min at room temperature with 
cross-link buffer (0.1 mM disuccinimidyl suber- 
ate in 0.1 M HEPES, 0.12 M NaC1, 5 mM KC1, 
and 8 mM glucose, pH 8.0). Following removal 
of the buffer, cells were washed with 10 mM 
Tris.HC1, pH 7.4, containing 1 mM PMSF, 10 
pgirnl aprotinin, and 10 pg/ml leupeptin. Cells 
were then solubilized in 60 mM Tris.HC1, pH 
6.8, containing 0.3% SDS, 1 mM PMSF, 10 
pgiml aprotinin, and 10 pgiml leupeptin. The 
cross-linked receptor-PDGF complex was sub- 
jected to SDS-PAGE using 4-20% gradient gels 
(Novex Inc., San Diego, CAI. Gels were dried in 
vacuo onto Whatman #3 paper and were ana- 
lyzed by autoradiography. 

RESULTS 
Antiphosphotyrosine Immunoprecipitation: 

In Vitro Autophosphorylation 

Primary cultures of human prostatic stromal 
cells derived from surgical specimens of patients 
exhibiting prostatic hyperplasia were stimu- 
lated with 10 ng PDGF-BB. Following cell lysis, 
a monoclonal antibody against phosphotyrosine 
was used in immunoprecipitation experiments 
to measure differences in protein phosphoryla- 
tion between cells stimulated with PDGF and 
unstimulated cells. Several proteins were phos- 
phorylated on tyrosine in response to  PDGF 
stimulation of human prostatic stromal cells; 
the phosphoprotein pattern was similar to  that 
seen in PDGF-stimulated Swiss 3T3 cells (Fig. 
1). Tyrosine phosphorylation was not observed 
in unstimulated cells. Among the labeled bands 

Fig. 1 .  Human prostate cells were grown to near confluence in 
75 cmz flasks in Mixed Medium supplemented with 2.5% FBS. 
The cells were serum starved for a minimum of 48 h and 
washed with 1 .O ml PBS containing 0.5% BSAfollowed by 10 ml 
of medium containing 0.5% BSA. After 30 min at 3 7 T ,  the 
medium was withdrawn and the cells exposed to fresh medium 
? 10 ng/ml PDCF-BB for 5 min at 37°C. Cells were washed 
with ice cold PBS and lysed 20 min at 4°C as described under 
Materials and Methods. Cell lysates were immunoprecipitated 
using an antiphosphotyrosine monoclonal antibody. Following 
labeling with [Y-~*P]-ATP, phosphoproteins were analyzed by 
SDS-PACE on a 7.5% gel. Lanes 1 and 2: Untreated and 
PDCF-stimulated Swiss 3T3 cell lysates. Lanes 3 and 4: Un- 
treated and PDCF-stimulated cell lysates from BPH stromal 
cells. Molecular weight markers: 205 kDa, myosin; 11 6 kDa, 
P-galactosidase; 80 kDa, bovine serum albumin; 49.5 kDa, 
oval bum in. 

present following SDS-PAGE were those corre- 
sponding in molecular weight to the autophos- 
phorylated receptor (185 kDa), the regulatory 
subunit of the PtdIns 3-kinase (85 kDa), as well 
as two bands around 120 and 140 kDa that may 
correspond to phospholipase C-y and GTPase 
activating protein, respectively. These data dem- 
onstrate that the PDGF receptors in the hyper- 
plastic human prostatic stromal cells contain 
functional tyrosine kinase domains responsive 
to PDGF and which phosphorylate the same 
substrates as do the PDGF receptors character- 
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ized in long-term cultures of 3T3 cells and 
smooth muscle cells. 

Phosphatidylinositol 3-Kinase Activity in 
Antiphosphotyrosine lmmunoprecipitates 

The presence of an 85 kDa tyrosine phospho- 
protein in the antiphosphotyrosine immunopre- 
cipitates from PDGF-treated cells suggests that 
PtdIns 3-kinase activity is present in these cells 
following stimulation by PDGF [Cohen et al., 
19901. Antiphosphotyrosine immunoprecipi- 
tates of PDGF-stimulated human prostatic stro- 
ma1 cells were washed and assayed for PtdIns 
3-kinase activity (Fig. 2); Swiss 3T3 cells were 
used as a positive control as they have previ- 
ously been shown to  respond to PDGF. Two 
representative primary cultures are depicted. 
Stimulation of either human prostate stromal 
cells or Swiss 3T3 cells with PDGF caused an 
increase in PtdIns kinase activity compared to  
unstimulated cells, demonstrating a functional 
linkage between the PDGF receptor and PtdIns 
kinase activation in prostatic stromal cells. Fur- 
thermore, HPLC analysis of the deacylated lipid 
products of the PtdIns kinase assay showed that 
the increased PtdIns kinase activity in the 
PDGF-stimulated cells was due to  stimulation 
of PtdIns 3-kinase rather than due to PtdIns 
4-kinase (data not shown). 

PDCF-Induced Cell Proliferation 

Following exposure to PDGF-BB (0-50 ngi 
ml), all primary cultures tested showed dose- 

dependent increases in [3Hl-thymidine incorpo- 
ration when compared to unstimulated control 
(data not shown). A highly variable response 
was seen, with maximal increases in l3H1- 
thymidine incorporation ranging from 2-fold to  
10-fold over that observed in unstimulated cells 
(Fig. 3). A similarly heterogeneous response was 
observed with respect to the extent to which 
PDGF induced cellular proliferation (Fig. 4). 
For example, cells derived from Patients 2 and 7 
both exhibited dose-dependent increases in cell 
number in response to  PDGF (Fig. 5). In the 
case of Patient 2, the maximum proliferative 
response of 2-fold was observed at  50 ng/ml. In 
contrast, cells derived from Patient 7 exhibited 
an 8-fold increase in cell number with the maxi- 
mal response being observed at 15 ngiml. Basal 
doubling times determined from these studies 
range from 23 h to 319 h (Table I), which again 
is consistent with the heterogeneous nature of 
the disease and differences in progression to 
symptoms. 

PDCF-Receptor Characterization 

The tissues used in these experiments were 
derived from patients being treated for BPH and 
had varying degrees of chronic inflammation. It 
has recently been demonstrated that these cells 
in primary culture express high affinity 
(Kd = 0.19-9.12 nM) PDGF receptors [Hirsch 
et al., 19911. Cross-linking experiments (Fig. 6) 
further established the expression of specific 
PDGF receptors on human prostatic cells. Not 

Fig. 2. lmmunoprecipitates derived from human prostate cells exposed to media ? 10 ng/ml PDCF-BB were 
assayed for Ptdlns kinase activity as described under Materials and Methods. Thin layer chromatography was used to 
determine Ptdlns kinase activity. 
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Fig. 3. Human prostate cells were exposed to PDCF-BB (0-50 
ngiml) for 24 h, and then exposed to fresh media containing 0 5 
mCi 13H]-thymidine as described under Materials and Methods 
The bars represent the maximal response observed when the 
cells were exposed to 50 ng/ml PDCF and are an average of two 
duplicate samples 

Patient Number 

only was [1251]-PDGF covalently bound to cellu- 
lar receptors in the presence of disuccinimidyl 
suberate (lanes 2-4), but nonlabeled PDGF com- 
peted for the receptor sites and inhibited the 
binding of the [12511-labeled material (lanes 5-7). 
Saturation curves revealed that the number of 
PDGF-P receptors on the various human pros- 
tatic stromal cells ranged from 1.80 to 5.21 x 
105 sitesicell (Table I). 

DISCUSSION 

Platelet-derived growth factor is released dur- 
ing inflammation and is a potent mitogen for 
stromal cells [Ross et al., 19861. In order to 
examine the potential role of PDGF in the devel- 
opment of prostatic hyperplasia, cultures of hu- 

Fig. 4. Cultured human prostate cells in Mixed Medium sup- 
plemented with 2 5% FBS were plated into 6-vvell culture plates 
at a density of 5 x 1 O4 cellsiwell After 72 h in culture, baseline 
cell counts were measured and the cells were then exposed to 
Mixed Medium supplemented with 2 5% FBS and PDCF-BB 
(0-50 ngiml) and incubated at 37°C Cell counts of representa- 
tive wells were performed on days 2, 4, and 7 The effects of 
PDCF on proliferation were expressed as a percent of unstimu- 
lated controls The bars represent the maximal response ob- 
served when the cells were exposed to  50 ngiml PDCF as 
measured on day 7 and are an average of tno duplicate sam- 
ples 

man prostatic cells were established and were 
examined for their capacity to bind and respond 
to PDGF. The results of these studies indicate 
that cultured human prostatic cells express high 
affinity PDGF receptors and that PDGF is capa- 
ble of activating the PDGF signal transduction 
pathway and subsequently stimulating cellular 
proliferation, supporting the concept that inflam- 
mation may be an etiological factor in the devel- 
opment of prostatic hyperplasia. 

Treatment of cells derived from hyperplastic 
human prostatic tissue with PDGF-BB caused 
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Patient 2 Patient 7 
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Fig. 5. A comparison of the PDCF-induced cellular proliferation in two human prostate cell lines. Note the 
difference in capacity of PDCF to induce the proliferation of the two cell lines. Mean ? SEM from six replicate 
samples. 

an activation of the PDGF-receptor signal trans- 
duction cascade as determined using antiphos- 
photyrosine immunoprecipitations. Stimulation 
of the PDGF-receptor tyrosine kinase causes 
autophosphorylation of the receptor [Kazlauskas 
and Cooper, 19891 as well as tyrosine phosphor- 
ylation of a number of proteins including phos- 
pholipase Cy, [Kumjian et al., 1989; Morrison et 
al., 19901, GTPase activating protein [Kaplan et 
al., 19901, the 85 kDa regulatory subunit of 
PtdIns 3-kinase [Kazlauskas and Cooper, 1990; 
Escobido et al., 1991a1, and the serine/threo- 
nine kinase raf [Morrison et al., 19911. Several 
of these phosphoproteins were detected in anti- 
phosphotyrosine immunoprecipitations of PDGF- 
stimulated primary human prostatic stromal 
cells that were absent in unstimulated cells, 
including labeled bands corresponding in molec- 
ular weight to the autophosphorylated receptor 
(185 kDa), the regulatory subunit of the PtdIns 
3-kinase (85 kDa), as well two bands around 120 
and 140 kDa that may correspond to phospholi- 

pase Cy and GTPase activating protein, respec- 
tively. In addition to the presence of the 85 kDa 
phosphoprotein, the antiphosphotyrosine immu- 
noprecipitates from PDGF-stimulated cells con- 
tained elevated levels of PtdIns 3-kinase activity 
that was not present in unstimulated cells. Pt- 
dIns 3-kinase associates with a number of pro- 
teins having intrinsic or associated tyrosine ki- 
nase activities, including the PDGF-receptor 
[Kazlauskas and Cooper, 1990; Escobido et al., 
19911. Mutants of the PDGF-receptor that lack 
the PtdIns 3-kinase binding site still bind PDGF, 
stimulate tyrosine kinase activity, and phosphor- 
ylate GTPase activating protein and phospholi- 
pase Cy; however, PtdIns 3-kinase activity is 
missing and cells expressing these mutant recep- 
tors fail to respond to mitogens with increased 
DNA synthesis and cell division, suggesting an 
important role for PtdIns 3-kinase in mitogene- 
sis [Williams, 19891. To date, however, the phys- 
iological role of PtdIns 3-kinase or its products 
has not been elucidated, although there is some 
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Fig. 6. Cross-linking of ['*'I]-PDCF-BB to PDCF-P receptors 
from stromal prostatic cells on 4-20% gradient SDS-PAGE 
lane 1: [1251]-PDCF control lanes 2-4: Cells treated with 
[1251]-PDGF (30 ngiml) lanes 5-7: Cells treated with [ ' 2 5 1 1 -  
PDGF plus nonlabeled PDCF (1 mg/ml) Lane 8: [''Cl- 
molecular weight markers myosin (200 kDa), phosphorylase b 
(97 kDa), BSA (69 kDa), ovalbumin (46 kDa), carbonic anhy- 
drase (30 kDa) Receptor-PDGF monomer complex migrates to 
200 kDa, while the radioactivity associated with the top of the 
gel may represent the dimeric complex Unbound ['2SIl-PDGF 
migrates with the gel front 

suggestion that the PtdIns-3-phosphates are in- 
volved in the regulation of cytoskeletal struc- 
ture [Eberle et al., 19901. 

Tissues used in these experiments were de- 
rived from patients being treated for prostatic 
hyperplasia. Histological evaluation of the surgi- 
cal specimens revealed the heterogeneous na- 
ture of the disease particularly with respect to 
the degree of both hyperplasia and inflamma- 
tion (Table I). 

An examination of the data by analysis of 
variance has revealed a number of potentially 
interesting relationships. The expression of 
PDGF receptors by prostatic cells and the capac- 
ity of PDGF to activate the signal transduction 
pathway were relatively constant. Basal dou- 
bling times tended to increase with age. Since 
the cells used in these experiments were derived 
from patients being surgically treated for BPH, 
it is not unreasonable to suspect that individu- 
als being treated at an older age would have a 
slower growing gland. The presence and degree 
of inflammation observed in histologic sections 

was also associated with more rapidly growing 
cells in culture. The size of the resected tissue 
was inversely related to the capacity of PDGF to 
stimulate thymidine incorporation and cell pro- 
liferation. This observation may be indicitive of 
a gland which is undergoing relatively rapid 
growth and the capacity of PDGF to induce 
further stimulation may be limited. The ability 
of PDGF to stimulate thymidine incorporation 
was, however, related to the number of cellular 
PDGF receptors. 

In these experiments, human prostatic stro- 
ma1 cells were characterized for their response 
to  only the BB form of PDGF. Preliminary in 
situ hybridization experiments revealed that 
these cells expressed the message for PDGF-P 
receptors but not the message for PDGF-a recep- 
tors [Hirsch et al., 19911. In addition, it has 
previously been shown that PDGF-BB, but not 
PDGF-AA, is a potent mitogen of human fibro- 
blasts [Nister et al., 19881. By the activation of 
the tyrosine kinase response and subsequent 
stimulation of PtdIns 3-kinase activity, these 
results demonstrate the functionality of the re- 
ceptor. A dose-dependent increase in thymidine 
incorporation and cellular proliferation was also 
observed. The expression of PDGF receptors by 
prostatic cells was confirmed in binding studies 
and through the specific cross-linking of [1251]- 
PDGF. These findings represent the first obser- 
vation that primary prostatic stromal cells de- 
rived from patients exhibiting BPH respond to 
PDGF-BB, and are consistent with the role of 
growth factors and inflammation in other 
chronic inflammatory diseases. 

Since a relatively small number of patients 
was evaluated in this study, the significance of 
the data should be viewed with caution. These 
data do, however, provide the basis for further 
research. Additional experiments will need to be 
conducted in order to characterize the nature of 
the cellular interactions which occur between 
epithelial and stromal cells, as well as the role of 
other growth factors (including other forms of 
PDGF) and other mediators of inflammation in 
the development of hyperplasia. Most impor- 
tantly, experiments should be conducted to crit- 
ically evaluate the potential importance of in- 
flammation in the development of prostatic 
hyperplasia. If a role for prostatic inflammation 
in the development of BPH can be confirmed, it 
may be advisable to incorporate the treatment 
of inflammation in the clinical management of 
the disease. 
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