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ABSTRACT

The androgen-independent prostatic carcinoma cell line PC3 is known
to exhibit autonomous growth in vitro and in vivo. The purpose of the
present study was to investigate the role of transforming growth factor a
(TGF-a) and its receptor, the epidermal growth factor (EGF) receptor,
in the regulation of PC3 cell proliferation. Results showed that PC3 cells
secrete factors into conditioned medium that are mitogenic for the less
aggressive prostatic carcinoma lines DU 145 and LNCaP. Gel filtration
Chromatograph) of PCS-conditioned medium revealed a major peak of
mitogenic activity at a molecular weight of 5,000 to 10,000 which was
inhibited by the addition of antibody to TGF-a. The synthesis and
secretion of TGF-a by PC3 cells were further demonstrated by imimi-
noblotting and radioimmunoassay. Radioreceptor analysis showed a sin
gle class (Kt 5.3 nM) of EGF receptors on PC3 cells. The presence of M,
170,000 EGF receptors on PC3 cells was further demonstrated by
immunoprecipitation of metabolically labeled proteins. TGF-a was effec
tive in stimulating the growth of low-density, but not high-density, PC3
cultures. In addition, the proliferation of PC3 cells under serum-free
defined conditions was inhibited by antibodies to TGF-a and/or the EGF
receptor. These data indicate that TGF-a/EGF receptor interactions are
partially responsible for autonomous growth of the PC3 cell line and may
explain one mechanism of escape from androgen-dependent growth in
human prostatic carcinoma.

INTRODUCTION

Prostatic carcinoma is the most commonly encountered tu
mor in American males and is second only to carcinoma of the
lung as a cause of male cancer deaths in the United States (1).
Despite the observations of Huggins and Hodges (2) on the
beneficial effects of androgen ablation therapy in patients with
advanced prostatic carcinoma, the regulatory role of androgens
and nonsteroidal growth factors in carcinoma of the prostate
remains poorly understood. Furthermore, after androgen abla
tion, a hormone-independent population of tumor cells arises
which is refractory to anti-androgen therapy and ultimately
causes the demise of the host. An understanding of the growth-
regulatory mechanisms in androgen-independent carcinoma of
the prostate is important to the development of more effective
treatment for advanced stage, hormone-insensitive prostatic

carcinoma.
Transformed cells will proliferate in vitro under conditions

which are otherwise unable to support growth of nonmalignant
cells. Many investigators have proposed that some transformed
cells can overcome normal growth constraints by secreting
growth factors that act through autocrine mechanisms (3, 4).
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TCP-Â«' is a polypeptide growth factor that has been reported

to modulate autocrine growth in several tumor systems (5, 6).
PC3 is an androgen-independent prostatic carcinoma line that
grows rapidly in vitro and forms multiple site mÃ©tastaseswhen
inoculated into athymic nude mice (7, 8). In the present study,
the PC3 cell line was used as an experimental model to inves
tigate the role of TGF-a in the autocrine regulation of andro
gen-independent growth in human prostatic carcinoma.

MATERIALS AND METHODS

Cell Lines. The human prostatic carcinoma line PC3, originally
derived from a bone metastasis, was obtained from Dr. Edward Kaighn
(Experimental Carcinogenesis Laboratory, NIH). DU 145, a brain me
tastasis of human prostatic carcinoma (9), was provided by Dr. Don
Mickey (Duke University Medical Center). The prostatic carcinoma
line LNCaP (10) was purchased from the American Type Culture
Collection (Rockville, MD). Fresh prostatic epithelial and stromal cells
were harvested from men undergoing suprapubic or retropubic prosta
tectomy for benign prostatic hyperplasia as previously described (8, 11).
The diagnosis of benign prostatic hyperplasia was confirmed by review
of pathology reports and histolÃ³gica!examination of tissue sections in
our laboratory. PC3, DU 145, and LNCaP cells as well as prostatic
stromal cells were maintained in RPMI-1640 containing 10% FBS and
penicillin (100 units/ml)/streptomycin (100 ^g/mi). Freshly isolated
benign prostatic epithelial cells were grown in WAJC 404 medium
containing defined, serum-free additives as previously reported (8, 11).

Growth Factors and Antibodies. Purified TGF-a was purchased from
ICN Biomedicals (Costa Mesa, CA). EGF and bFGF were purchased
from Collaborative Research (Bedford, MA). Monoclonal anti-TGF-a
IgGl and anti-EGF IgGI were purchased from Oncogene Science
(Manhasset, NY). A polyclonal antibody to TGF-Â«was purchased from
Peninsula Laboratories (Belmont, CA). Monoclonal anti-cytokeratin
8.60 IgGl, reactive with cytokeratin polypeptides 10 and 11 which are
not present in human prostate (12), was purchased from Sigma Chem
ical Co. (St. Louis, MO). Monoclonal antibody 225 to the EGF receptor
(IgGl) was prepared in the laboratory of Dr. John Mendelsohn (13,
14).

Preparation of PCJ-conditioned Medium. PC3 cells were grown to 75
to 85% confluence in 150-cm2 tissue culture flasks (Corning Glass

Works, Corning, NY), washed (twice) with PBS, and incubated in
RPMI-1640 medium containing ITS+ premix [insulin (6 Mg/ml)-trans-
ferrin (6 ^g/ml)-selenous acid (6 ng/ml) with albumin (1.25 mg/ml)
and linoleic acid (5 Mg/ml); Collaborative Research] for 48 h. The
resulting conditioned medium was aspirated from the flask, centrifuged
(400 x g for 10 min), and filtered through a 0.45-^m membrane (Nalge
Company, Rochester, NY). The conditioned medium was dialyzed
against distilled water (4Â°C)using a M, 3500 cutoff membrane (Spec

trum Laboratories, Los Angeles, CA) and lyophilized. Conditioned
media from DU 145, LNCaP, and prostatic stromal cells were prepared
in an identical fashion.

Cell lysates were prepared by washing (3 times) confluent cell mono-
layers with PBS, followed by harvesting with cell scrapers (Corning).

3The abbreviations used are: TGF-Â«,transforming growth factor Â«;FBS, fetal

bovine serum; EGF, epidermal growth factor; bFGF, basic fibroblast growth
factor; IgGl, immunoglobulin G I; PBS, phosphate-buffered saline; ITS, insulin-
transferrin-selenous acid; HPLC, high-pressure liquid Chromatograph); SDS,
sodium dodecyl sulfate; PAGE, polyacrylamide gel electrophoresis.
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After additional washing (3 times), the cells were dissolved (1 x IO7
cells/ml) in lysis buffer consisting of 0.5% Triton X-100, 300 nM NaCl,
50 HIMTris, 10 HIMiodoacetamide, 1 ITIMphenylmethylsulfonyl fluo
ride, and 10 Mg/ml of leupeptin.

Mitogenesis Assays. In the [!H]thymidine incorporation assay, cells
were plated in 24-well tissue culture plates (1 x IO4 cells/well) and

allowed to adhere overnight (16 to 18 h). The following day, cell counts
were performed to assess plating efficiency, and existing media were
replaced with media containing appropriate additives. The cells were
cultured (37Â°C,5% CO2) for 48 h and pulse labeled with ['Hjthymidine

(1 Â¿iCi/well,6.7 Ci/niM; ICN Radiochemicals) for an additional 24 h.
The cells were washed (3 times) with PBS, lysed, and counted on a
Beckman LS 3806 liquid scintillation counter.

In growth curve experiments, cells were plated in either 24-well
plates (1 x 104/well) or 25-cnr flasks (1 x lOYflask). The following

day, experimental samples were added to each well, and cell counts
were performed to assess plating efficiency. Cells were harvested on
Days 2, 4, and 6 by trypsinization and counted using a hemacytometer.
The media in the remaining cultures were replaced with fresh media
containing appropriate additives on Days 2 and 4.

HPLC Fractionation of PCS-conditioned Medium. Dialyzed and ly-
ophilized PCS-conditioned medium was dissolved in deionized water
(50 to 70 mg/ml), loaded (1 ml/run) onto a 600- x 21.5-mm Bio-Sil
TSK-125 column (BioRad, Richmond, CA), and eluted with PBS at a
flow rate of 5 ml/min. Samples were collected at 5-ml intervals and
tested for growth-promoting activity using the ['Hjthymidine incorpo

ration and growth curve assays outlined above. Molecular weight stand
ards of 6,500 to 94,000 (Pharmacia, Uppsala, Sweden) were used to
estimate the molecular weight of fractionated samples.

Radioreceptor Assays. PC3 cells (1 x 105/well) were plated in 24-

well plates and grown to confluence. The cells were washed (3 times)
with unsupplemented RPMI-1640 medium and incubated (4Â°C)with
'"I-EGF (ICN Radiochemicals; 93.8 MCi/Mg)at half-log dilutions rang
ing from 0.27 p\t to 7.5 nM in the absence or presence of 100-fold
excess of unlabeled EOF for 4 h. The cultures were washed (3 times)
with unsupplemented RPMI-1640, followed by addition of 1% Triton
X-100. Quadruplicate samples were counted using an LKB Minigamma
system. Receptor affinity and number were assessed by Scatchard
analysis (15).

The specific binding of TGF-Â«to PC3 and DU 145 cells was assessed
by plating cells in 24-well plates as above. Cells were washed (3 times)
and incubated (4Â°C)with 125I-TGF-Â«(1ng/ml, 1187 Ci/mM; Peninsula

Laboratories) and cold TGF-a (0 to 100 ng/ml) for 4 h. Cultures were
treated as above and counted using an LKB Minigamma system.

Immunoprecipitation and SDS-PAGE Electrophoresis. For immuno-
precipitation, PC3 or DU 145 cells were metabolically labeled with
[15S]methionine (5 /Â¿Ci/ml, 178 mCi/mM; Amersham, Arlington

Heights, IL) for 24 h. Radiolabeled cells were harvested from flasks
using cell scrapers (Corning) and dissolved in lysis buffer as previously
described. Antibody-laden Protein A-Sepharose CL-4B beads (Phar
macia, Uppsala. Sweden) were prepared by incubating (4Â°C)preswelled

beads (100 mg/ml in PBS) with 5 ^g of antibody for 6 h. Beads were
washed (3 times) with PBS and added to 20 ml of conditioned medium
(500 M!)or 0.5 ml of cell lysate (100 ^1). After 16 to 18 h of incubation,
the Protein A beads were washed (5 times) with PBS, and proteins were
eluted using Laemmli buffer (0.5 M Tris-2% sodium dodecyl sulfate).
Samples were mixed 1:1 with loading buffer consisting of 5% SDS,
20% glycerol, 5% 2-mercaptoethanol, and bromphenol blue and loaded
onto 7.5% or 10% polyacrylamide gels. The gels were subjected to
electrophoresis at 60 mA for 4 to 6 h using a resolving buffer consisting
of 25 mM Tris, 192 mM glycine, and 5% SDS. Radiolabeled proteins
were visualized by fluorography using Kodak X-Omat film. Rainbow
markers (M, 14.000 to 200.000: Amersham) were utilized for molecular
weight standards.

For Western immunoblotting, cellular proteins (5 x IO5cells/lane)

or reconstituted conditioned media (50 Â¿ig/'ane)were separated using
SDS-PAGE electrophoresis (15% acrylamide) and transferred to nitro
cellulose membranes according to the method of Tow bin et al. (16). A
transfer buffer consisting of 25 mM Tris, 192 mM glycine, and 20%

methanol was used. Blots were incubated with primary polyclonal anti-
TGF-Â«(1:100; Peninsula Laboratories) for 16 to 18 h and immuno-
detection was performed using the Vectastain avidin-biotin complex kit
(Vector Laboratories, Burlingame. CA).

Radioimmunoassay. TGF-Â«content in cell lysates and conditioned
media was analyzed using a radioimmunoassay (Peninsula Laborato
ries). Samples (100 M')w'ere incubated (4Â°C)with 100 Â¿ilof rabbit anti-

rat TGF-Â«overnight (16 to 18 h), followed by addition of 100 ÃŸ\of
125I-TGF-n and an additional overnight incubation. On Day 3, 100 n\
of goat anti-rabbit IgG and normal rabbit serum, respectively, were
each added to the radioimmunoassay tubes, followed by a 2-h incubation
(25Â°C).Samples were centrifuged (3,000 rpm for 20 min), the super

natant was discarded, and the resulting pellets were counted using an
LKB Minigamma system. Standard curves were performed using both
rat and human TGF-Â«as well as human EGF to ensure assay specificity.

Statistical Analysis. Numerical data are expressed as the mean Â±SE.
Differences among treatment groups were tested by one-way or two-
way analysis of variance, followed by Duncan's multiple range test.

RESULTS

Identification of Growth Factors Secreted by PC3 Cells into
Conditioned Medium. The ability of PCS-conditioned medium
to enhance DU 145 and LNCaP cell proliferation was demon
strated by growth curve analysis as shown in Fig. 1. Addition
of PCS-conditioned medium to DU 145 cells cultured in serum-
free, defined medium induced a significant 77% increase in cell
number compared with cells grown in basal medium. Cells
cultured in 10% fetal bovine serum served as a positive control.
When using LNCaP as target cells, a 280% increase in cell
count was observed following addition of PC3-conditioned
medium compared with the ITS control group.

The PC3-derived mitogen(s) were partially characterized by
fractionation of conditioned medium using an HPLC gel filtra
tion column (BioSil TSK-125). Eluted fractions were tested for
the ability to stimulate PC3 proliferation using a ['H]thymidine

incorporation assay as presented in Fig. 2. A major peak of
mitogenic activity was observed in Fractions 38 to 42 which
corresponded to an approximate molecular weight of 5,000 to
10,000 as determined using molecular weight standards. The
growth-promoting peak (M, 5,000 to 10,000) was observed
following each of three separate runs. Further analysis using

100

80

20

O DU145 LNCaP

Fig. I. Effect of PCS-conditioned medium on prostatic carcinoma cell growth
in rilro. Cells (1 X lO'/flask) were plated in 25-cm2 flasks and allowed to adhere
overnight. The following day. media were changed to include basal medium
consisting of RPMI-1640 with ITS (â€¢),complete RPMI-1640 with 10% fetal
bovine serum (D). or basal medium containing 100 Mg/ml of PCJ-conditioned
medium (D). Cultures were incubated for 5 days with media being replaced on
Days 2 and 4. Cells were counted on Day 5 by detaching with trypsin and counting
on a hemacytometer. n = 6/group. *. significantly (P < 0.05) greater than cells
grown in basal medium.
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Fig. 2. HPLC fractionation of PCS-conditioned medium. One ml of PC3-
conditioned medium (50 mg/ml) was loaded onto a Biosil TSK-125 column and
eluted using PBS at a flow rate of 5 ml/min. Fractions were collected at 5-ml
intervals and tested for mitogenic activity against PC3 cells using a [3H]thymidine
incorporation assay. The approximate molecular weight of each fraction was
determined using molecular weight standards.
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Fig. 3. Immunodetection of TGF-Â«in PC3 cells. Conditioned medium and
cell lysates from PC3 cultures were prepared as outlined in "Materials and
Methods." Proteins were separated by SDS-PAGE electrophoresis (15% acryl-

amide) and transferred to nitrocellulose membranes for Western blot analysis
with anti-TGF-Â«. Approximate molecular weights were determined using molec
ular weight standards. Lane I, TGF-Â«positive control; Lane 2, DU145-condi-
tioned medium; Lane 3, PCS-conditioned medium; Lane 4, PC3 cell lysate.

cell counts showed that the active fraction stimulated a 108%
increase in DU 145 cell number compared with cells grown in
control medium for 5 days (10.7+1.6 versus 22.2 Â±3.1 cells/
well X IO4). This growth-enhancing activity was significantly
(P < 0.05) inhibited by 40% in the presence of 1 Me/ml of anti-
TGF-Â«(13.1 Â±0.7 versus 22.2 Â±3.1 cells/well x IO4) but not

by 1 Mg/ml of anti-CK 8.60 (24.1 Â±3.4 versus 22.2 Â±3.1 cells/
well x IO4).

Immunodetection of TGF-a in Prostatic Cell Lines. Fig. 3
shows results of Western blot studies using antibody to TGF-

a. These studies demonstrated an immunoreactive band with
an approximate molecular weight of 6,000 in DU 145- and PC3-
conditioned medium. PC3 cell lysates exhibited immunoreac
tive bands with apparent molecular weights of 18,000 to 20,000.

The presence of TGF-Â«in conditioned media from prostatic
carcinoma cell cultures was also assessed by radioimmunoassay.
A standard curve was established using both rat and human
TGF-a. Analysis of standard curve data showed equivalent
reactivity when utilizing TGF-a from either host (data not
shown). Our studies also showed that purified human EGF did
not cross-react in our TGF-Â«-specific radioimmunoassay (data

not shown). Analysis of conditioned media from PC3, DU 145,
and LNCaP cultures showed the presence of TGF-a at concen
trations of 285 pg/107 cells, 42 pg/107 cells, and 136 pg/107

cells, respectively. Prostatic stromal cell-conditioned medium
did not contain significant levels of TGF-a.

EGF Receptor Studies. Radioreceptor studies were under
taken to assess the specific binding of TGF-Â«and the presence
of EGF receptors on cultured PC3 cells. Fig. 4 demonstrates
the specific binding of TGF-a to PC3 and DU145 cells. 125I-
TGF-a binding was inhibited by 70% and 80%, respectively, in
PC3 and DU 145 cells cultured in the presence of 100-fold
excess cold TGF-Â«.As a control, bFGF did not interfere with
the binding of TGF-a to PC3 or DU 145 cells. As shown in Fig.
5, Scatchard analysis demonstrated the presence of 2.88 x IO5

(Ad 5.38 nM) EGF receptors on PC3 cells. Fig. 6 shows results
of immunoprecipitation studies using antibody to the EGF
receptor. SDS-PAGE electrophoresis of immunoprecipitated
proteins showed the presence of a radiolabeled band (M,
-170,000) for both the PC3 and DU 145 cell lines.

Growth Factor and Antibody Inhibition Studies. The effect of
TGF-a on benign and malignant prostatic epithelial cell growth
is demonstrated in Table 1. TGF-Â« stimulated the growth of
DU145 cells by 97% compared with the ITS-negative control.
The proliferation of benign prostatic epithelial cells was stim
ulated by 640%. TGF-Â« significantly stimulated PC3 growth
by 88% at low culture densities (Day 4) but did not significantly
alter PC3 proliferation at high culture densities (Day 6).

Results of antibody inhibition studies are shown in Table 2.
Compared with antibody-free control, antibody to the EGF
receptor (1 Mg/ml) inhibited PC3 growth by 37% in serum-free
defined medium. Addition of anti-EGF receptor at 5 or 50 Mg/
well did not further reduce PC3 proliferation (data not shown).
At 0.01 or 1 Mg/ml, anti-TGF-a reduced PC3 growth by 41%
or 47%, respectively. In combination with anti-EGF receptor,
anti-TGF-a inhibited PC3 growth by 43% or 55% at 0.1 or 1
Mg/ml, respectively. Anti-EGF or anti-cytokeratin 8.60 did not
significantly inhibit PC3 growth. However, as a control, anti-
EGF (1 Mg/ml) significantly inhibited EGF (5 ng/ml)-induced
proliferation of DU 145 cells (41.2 Â±3.3 versus 27.3 Â±2.9 cells/
well x IO4).

DISCUSSION

The development of androgen-independent disease following
anti-androgen therapy in men with metastatic prostatic carci

noma is a near certainty. However, the mechanisms responsible
for the selection and growth of androgen-independent carci
noma of the prostate remain to be defined. Previous investiga
tors have identified TGF-a and the EGF receptor in prostatic
carcinoma cell lines (17-21). In addition, the prostatic carci
noma cell lines DU 145 and LNCaP are responsive to TGF-a-
induced mitogenesis (17-19). Further studies by Wilding et al.
(18) have shown phosphoinositide accumulation in TGF-a-
stimulated LNCaP cells, indicating the possible activation of
growth-related second messenger mechanisms. However, these
findings do not fully demonstrate the functional role of TGF-a
in the regulation of prostatic carcinoma growth. Results of the
present study provide evidence to indicate that TGF-Â«acts as
an autocrine growth factor for the androgen-independent pros
tatic carcinoma cell line PC3.

Autocrine growth factors can act through internal or external
autocrine loops (22). The external autocrine mechanism re
quires (a) the synthesis and secretion of an endogenous growth
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Fig. 4. Specific binding of TGF-a to PC3
and DU 145 cells. PC3 or DU 145 cells (1 x
lO'/well) were plated in 24-well plates and
allowed to adhere for 16 to 18 h. Cells were
washed with unsupplemented RPMI-1640 me
dium and incubated (4'C) with '"l-TGF-o (1
ng/well) and cold TGF-Â« (0 to 100 ng/well)
for 4 h. Cells were washed (3 times) with
RPMI-1640. followed by addition of 1% Tri
ton \-100(l ml/well). Aliquotswere harvested
and counted in an LKB Minigamma system to
determine specific binding.

40 60 80

Cold (ng/well)

80

20 40 60 80 100 120

Cold(ng/well)

0.03r

0.02

0.1 0.2

[Bound EGF] (nM)

0.3

Fig. 5. Scatchard analysis of EGF binding onto PC3 cells. PC3 cells (1 x 10s/
well) Â»ereplated in 24-well plates and allowed to adhere overnight. Cultures were
washed (3 times) with cold medium, and '"I-EGF was added to each well in the
absence or presence of 100-fold cold EGF excess. Cultures were incubated (48C)

for 4 h, washed (3 times) with cold medium, and lysed. Radioligand binding was
measured using a gamma counter. B/F, bound/free.

Table 1 Effect of TGF-a on the growth of benign and malignant prostate
epithelial cells in vitro

Cells were plated in 25-cm2 flasks and allowed to adhere overnight. The
following day (Day 0). plating media were replaced with RPMI-1640 medium
containing 10% FBS (positive control). ITS (negative control), or ITS plus TGF-
a (10 ng/ml). Cultures were incubated for 6 days with media being replaced on
Days 2 and 4. On Day 6, cells were detached by trypsinization and counted on a
hemacytometer. Day 0 counts were performed to determine plating efficiency in
each group.

GroupDayO

ITS
10% FBS
TGF-aPC3

Day42.4
Â±0.6*

27.0 Â±1.8
35.2 Â±2.8
51.3Â± 7.0fCells

xPC3

Day62.4

Â±0.6
87.3 Â±6.6

125.3 Â±8.1r

102.5 Â±2.410"VflaskDU1453.1

Â±0.7
32.0 Â±4.6

189.0Â±9.6f
61.3Â±9.4fBPHepithelia"11.

3Â± 1.8
10.3 Â±1.7

120.0Â± 17.9C
64.0 Â±4.6C

" BPH, freshly isolated epithelial cells from benign prostatic hyperplasia (n â€¢

i to 12/group).
* Mean Â±SE.
' Significantly (P < 0.05) greater than ITS control.

200
EGFR-

94

Fig. 6. Immunoprecipitation and SDS-PAGE electrophoresis of EGF receptor
(EGFR) in prostatic tumor cell lines. Prostatic cell lysates were subjected to
immunoprecipitation using anti-EGF receptor followed by SDS-PAGE electro
phoresis (7.5% acrylamide). Proteins were visualized using fluorography. Lane I,
molecular weight standards: Lane 2. PC3 cells; Lane 3. DU 145 cells.

factor, (b) the presence of cell surface receptors for the growth
factor, and (c) the induction of cellular proliferation following
ligand-receptor binding. In confirmation of previous studies,
we demonstrate the synthesis of TGF-Â«and EGF receptors by

PC3 cells. In addition, our studies extend previous observations
by showing the inhibition of PC3 growth by antibodies to TGF-
Â«and the EGF receptor. These observations support the hy-

Table 2 Effect of antibodies to TGF-a and the EGF receptor on PC3
proliferation in vitro

PC3 cells (1 x lO'/well) were plated in 24-well plates. The following day.
media were changed to serum-free defined media containing antibodies as outlined
above. Medium containing 10% fetal bovine serum served as a positive control.
Cells were cultured for 6 days, detached by trypsinization. and counted on a
hemacytometer. Media were changed on Days 2 and 4.

Group10%

FBSITSITSITSAnti-TGF-Â«0.1

Mg/ml0.1
Mg/ml1
pg/ml1

jig/mlAnti-EGF0.1

fig/ml0.1
/ig/ml1
/ig/ml1

//g/mlAnti-8.600.1

Mg/ml1
^g/mlÂ°

Values are Â¡iAnti-EGF

Anti-EGF
receptor receptor Cells x 10~4/

(0.1)Â° (1)" well30.1

Â±2.2*17.5

Â±1.4+
13.0 Â±1.2+
11.0Â±0.7f10.3

Â±2.3'-I-
10.0Â±1.5C9.3

Â±1.3'+
7.8 Â±1.0'20.1

Â±1.3+
17.3Â±2.416.2

Â±1.4+
10.8Â±0.9r15.0

Â±0.916.3Â±
1.9g/ml

for anti-EGF receptor concentration (n =%o(

inhibition025.8

Â±2.437.1
Â±2.441.

2Â±9.242.9
Â±6.546.9
Â±6.555.4
Â±7.101.1

Â±0.27.7
Â±0.738.5
Â±3.614.3

Â±2.56.9
Â±0.84

to 8/group).
' Mean Â±!
f Significantly (/>< 0.05) less than ITS control.
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pothesis that TGF-a functions as an autocrine mediator of PC3
cell growth and provides rationale for a possible mechanism by
which prostatic carcinoma cells escape the characteristic re
quirement for androgen. However, the incomplete reduction of
PC3 growth following addition of anti-TGF-a and/or anti-EGF

receptor suggests that other mechanisms of autonomous growth
regulation are also active in the PC3 cell line.

Additional results of the present study further indicate the
functional role of TGF-a in mediating PC3 growth. The growth
of PC3 cells in high-density culture was not significantly af
fected by exogenous TGF-a. Some transformed cells exhibit
relaxed exogenous growth factor requirements in high-density

culture because of enhanced secretion of endogenous growth
factors (23-25). The present findings support this view by
showing reduced TGF-a responsiveness for PC3 compared with

the more indolent carcinoma line DU 145. The reduced sensi
tivity of PC3 cells to exogenous TGF-a may be due to elevated
levels of TGF-a secretion by PC3 cells. The importance of

autocrine factors in PC3 growth is further demonstrated by the
rapid proliferation of PC3 cells under serum-free conditions.
PC3 cells cultured in serum-free, defined medium exhibit

greater than 70% of the growth rate observed after cultivation
in 10% fetal bovine serum. DU 145 and benign prostate epithe
lial cells, on the other hand, exhibit 17% and 9% of maximal
proliferation when cultured under serum-free conditions (see

Table 3). These findings indicate that PC3 cells have a high
autonomous growth capacity compared with other prostatic cell
lines.

PC3 cells exhibit specific binding of TGF-a. Our studies also

show the presence of a single class of EGF receptors on PC3
cells. Previous studies have identified both high- and low-

affinity EGF receptors on DU 145 cells as well as in extracts of
normal prostate, benign hyperplasia, and prostatic carcinoma
(17, 26-30). The presence of a single class of EGF receptors
on PC3 cells may be explained by down-regulation or compet
itive blocking of high-affinity receptors by endogenously pro
duced TGF-cv. The apparent loss of high-affinity EGF receptors
in cell lines exhibiting high levels of TGF-a secretion has been

previously reported (24).
The presence of TGF-a in PCS-conditioned medium was

demonstrated by radioimmunoassay as well as in a peak (M,
5,000 to 10,000) of mitogenic activity observed following
HPLC fractionation. Results of our immunoblot studies show
a A/r 18,000 form of TGF-a in PC3 cell lysates and a M, 6,000
band in conditioned medium. Previous studies on the processing
of rat and human TGF-a have shown that the 160-amino acid
(M, ~ 18,000) transmembrane precursor for TGF-a is cleaved
by a specific protease to yield the 50-amino acid (M, ~6,000)
secretory form of the protein (31-35). Results of our studies

indicate that a similar processing scheme is functional in the
PC3 cell line.

Our results extend previous investigations by demonstrating
a functional role of TGF-a as an autocrine growth regulator for
the biologically aggressive and androgen-independent prostate

cancer cell line PC3. Taken together, these observations provide
evidence to partially explain the ability of PC3 cells to escape
androgen dependence following neoplastic transformation.
However, the importance of TGF-a in the regulation of andro-
gen-dependent and androgen-independent growth of human

prostatic carcinoma cells in situ remains to be established.
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