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ABSTRACT

The rat prostate contains two types of growth factors capable of
stimulating DNA synthesis in BALB/3T3 cells. These rat prostatic
growth factors (RPGF) were separable by a different affinity for heparin:
low affinity type RPGF and high affinity (HiA) type RPGF. About 80%
of the RPGF in the cytosol from normal prostates was low affinity type,
whereas more than 80% in the cytosol from the Dunning tumors was
HiA type. Elution profile of HiA-RPGF showed two peaks of activity
eluted from the heparin-Sepharose column, one at 1J-1.4 MNaCl (HiAr
RPGF) and the other at 1.6-1.7 M NaCl (HiA2-RPGF). HiA2-RPGF
could be purified 1100-fold from the Dunning tumor (AT-3 subline) in
about 20% recovery by heparin-Sepharose chromatography. The par
tially purified HiA2-RPGF in the Dunning tumor has a molecular weight
of about 19,000 and isoelectric point of about 3.8, and stimulated DNA
synthesis at a concentration of about 0.25 n.M.The activity was lost by
heat treatment at 70Â°Cfor 5 min and by acid treatment, whereas it was

stimulated by incubating with dithiothreitol. The HiA2-RPGF did not
have transforming growth factor activity at a concentration of 250 ng/ml
or lower in the presence of epidermal growth factor.

INTRODUCTION

There are several lines of evidence demonstrating the close
relation between growth factors or their receptors and onco-
genes or their products, e.g., human platelet-derived growth
factor versus p28sis (putative transforming protein of simian
sarcoma virus) (1), and human EGF1 receptor versus \-erb-B

oncogene of avian erythroblastosis virus (2). At present, in spite
of several findings (3-8), it is difficult to conclude that there
are remarkable differences in the content of human growth
factors in normal, benign hypertrophie, and cancerous prostatic
tissues. In order to clarify the role of growth factor in the
prostate cancer, it is no doubt necessary to determine whether
there is a qualitative difference in growth factors in normal and
cancerous prostates. Several growth factors, e.g., a tumor-de
rived CE cell growth factor (9), fibroblast growth factor (10,
11), and cartilage-derived growth factor ( 12), were found to
share high affinity for heparin-Sepharose. We also found that
a growth factor from the cytosol of human hypertrophie pros
tates capable of stimulating DNA synthesis in BALB/3T3 cells
could be purified about 1000-fold by heparin-Sepharose chro
matography ( 13). A rat prostatic adenocarcinoma, the Dunning
tumor R 3327, is believed to have originated in the dorsolateral
prostate ( 14). All the sublines of the tumor examined, including
the parent tumor, lack biochemical markers of the dorsolateral
prostate of the normal mature rat (15, 16). The present paper
describes the first demonstration of intrinsic differences and
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1The abbreviations used are: EGF, epidermal growth factor; RPGF, rat
prostatic growth factor; TGF, transforming growth factor; NRK, normal rat
kidney; CE, capillary endothelial; LoA, low affinity; HiA, high affinity; pi,
isoelectric point.

changes of growth factors in normal and cancerous prostates
of rats by use of affinity for heparin. We also report the account
of partial purification and characterization of growth factor
abundant in the AT-3 subline of the Dunning tumor.

MATERIALS AND METHODS

Animals and Tumor Tissues. For normal prostate tissues, male
Sprague-Dawley rats (13-16 weeks of age) were purchased from CLEA
Japan, Tokyo, Japan. Frozen tissues of HS, AT-2, and AT-3 sublines
of the Dunning tumor (R 3327) (17) were used as cancerous prostate.

Preparation of Cytosol. All procedures were carried out at 4'C unless

otherwise specifici). The tissue was homogenized in 10 volumes (v/w)
of buffer A containing 1 HIMphenylmethylsulfonyl fluoride; buffer A
was composed of 10 HIMTris-HCl (pH 7.5) containing 0.25 M sucrose
and 3 mM CaCl2. The homogenate was centrifuged at 1,500 x g for 10
min, and the supernatant was further centrifuged at 100,000 x g for 1
h. The resulting supernatant (cytosol) was used as the starting material.

Assay of Growth Factor Activity. Growth factor activity, DNA syn
thesis stimulating activity, was assayed on BALB/3T3 cells according
to methods described previously (13, 18). All measurements were done
in duplicate. Activity was expressed as cpm/well/3 h or unit, the latter
being defined as the amount of growth factor equivalent to the activity
of calf serum that can induce a half-maximal incorporation of labeled
tin inuline into 3T3 cell DNA.

Assay of Transforming Growth Factor Activity. The activity of TGF-
.1was assayed by the methods of Huang et al. (19). In the assays, NRK
cells were grown in 35- x 10-mm tissue culture dishes containing two
layers of soft agar. The bottom layer contained 0.5% agar and 5% fetal
calf serum in Dulbecco's modified Eagle's mcdium/1 12. The top layer
contained 6.3 x IO3cells, 0.4% agar, 5% fetal calf serum, and 7 ng of
EGF. Samples to be assayed were dissolved in 0.1 ml of phosphate-
buffered saline and were applied to the top layer. After a 7-day culture,
colonies larger than 6 /un diameter formed in the top layer were
counted. The TGF-/3 activity was expressed as colony number/dish.

Stability Experiment. The final preparation of RPGF from Dunning
tumor was used. In the heat treatment, RPGF dissolved in 10 mM Tris-
HCl (pH 7.5) containing 1 mg/ml bovine serum albumin (2 Â¿jgRPGF
preparation/ml) was incubated at 7()"( ' for 5 min. In the treatment with

disulfide-reducing agent, RPGF dissolved in 0.2 M NHâ€žHCO3(pH 9.0)
was incubated at 25Â°Cfor 6 h in the presence of 50 mM dithiothreitol.

With the acid treatment, RPGF samples were incubated overnight at
4"<' in either 1 M acetic acid or HC1. After incubation the pH was

adjusted to 7.5 with NaOH.
Determinations of Physicochemical Properties. The molecular weight

of RPGF was determined by molecular sieve chromatography on a
Sephadex G-75 column (2.5 x 90 cm) equilibrated and developed with
10 mM Tris-HCl (pH 7.5) containing 0.5 M NaCl. The reason for
inclusion of 0.5 M NaCl during this step is detailed in "Results." The

molecular weight markers used were bovine serum albumin (67,000),
ovalbumin (43,000), carbonic anhydrase (30,000), a-chymotrypsinogen
A (25,000), myoglobin (17,000), and RNase A (13,700). Mouse sub-
maxillary gland EGF was purchased from Toyobo. Fetal calf serum
was obtained from GIBCO Laboratories. Isoelectric focusing in the
sucrose density gradient column was carried out according to the
method of Vesterberg and Svensson (20) with Ampholine carrier am-
pholytes (pH 3.5-10). Protein was determined by the method of Lowry
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et al. (21) using bovine serum albumin as a standard. For dialysis,
Spectra/Por tubing (Spectrum Medical Industries, Inc.) with cutoff
molecular weight of 3500 was used. NaCl concentration was determined
by specific conductivity measured at 25Â°Cby a conductivity meter,

COM 3 (Radiometer, Copenhagen, Denmark).

RESULTS

Growth Factor Activity in Cytosols of Normal Rat Prostates
and the Dunning Tumor. Growth factor activities were examined
in cytosols prepared from the prostates of normal rats and the
Dunning tumor (Fig. 1). At a dose of about 10 ^g/ml, the
cytosols from the dorsolateral prostates as well as from the
ventral prostate were found to contain growth factors as active
as 0.4% calf serum; the content was about 120-140 units/mg
protein in either prostate (Table 1). However, the cytosol from
the ventral prostate rather inhibited the activity at doses higher
than 50 fig/ml. This inhibitory activity was diminished when
the cytosol was dialyzed overnight against buffer A at 4Â°C.The

I O
Protein (ug/ml)

O2 I
Calf serum (â€¢/â€¢)

Fig. 1. Dose-response curves for growth factor activities of cytosols from
normal prostates and Dunning tumor of rats. Experimental conditions are de
scribed in the text. O, cytosol from the dorsolateral prostate (DLP) of normal
rats; â€¢,cytosol from the Dunning tumor (AT-2 subline); A, cytosol from the
ventral prostate ( VP) of normal rats; A, dialyzed cytosol from the ventral prostate
of normal rats.

activity of the cytosol from the dorsolateral prostate and the
Dunning tumor was neither enhanced nor reduced by dialysis.
As compared to the cytosol from the dorsolateral prostate of
normal rats, dose-response curves for the activity of the cytosol
from the Dunning tumor showed a slightly higher level of
growth factor; the Dunning tumor contained about two times
as much growth factor activity as did normal prostate (Fig. 1;
Table 1).

Three Types of RPGF with Different Affinity for Heparin-
Sepharose. As reported previously (13), 90-95% of the growth
factor activity in the cytosol of human hypertrophie prostates
was bound to heparin-Sepharose in the presence of 0.5 M NaCl.

The affinities of RPGF for heparin were analyzed with cytosols
from normal rat prostates and the Dunning tumor. The cytosol
was mixed with heparin-Sepharose suspended in 10 HIMTris-

HC1 (pH 7.5) containing 0.5 M NaCl, and then the mixture was
centrifuged to obtain the supernatant and the heparin-Sepha
rose (Table 1). It was found that about 80% of the activity in
the cytosols from the ventral and dorsolateral prostates of
normal rats was not adsorbed on the heparin-Sepharose,
whereas about 87-98% of the activity in the cytosol from the
Dunning tumor was adsorbed; the former type of growth factor
was designated LoA-RPGF and the latter HiA-RPGF. All the
sublines of the Dunning tumor showed the high content of HiA-
RPGF; the content of HiA-RPGF in the AT-3 subline was the
highest (Table 1). To analyze HiA-RPGF in detail, the cytosols
from normal rat prostates were subjected to chromatography
on a heparin-Sepharose column in the presence of 0.5 M NaCl.
More than 95% of the total protein (A28o)was eluted in the
void volume fractions, where about 80% of the activity (units)
in the cytosol from the dorsolateral prostate was recovered as
LoA-RPGF (Fig. 2). By contrast, only about 7% of the activity
in the cytosol from the ventral prostate was recovered as LoA-
RPGF from the void volume fractions where two small peaks
of the activity were detected (Fig. 3). Fractions 6-10 showed
activity significantly lower than the basal activity because of
cytotoxicity. The cytosol from the ventral prostate, when pre
viously dialyzed overnight against buffer A at 4Â°C,gave a broad

single peak containing about 80% of total activity (units) in the
void volume fractions on heparin-Sepharose chromatography.
These results were in accordance with the data shown in Table

Table I Contents ofprostatic growth factor in the cytosols of normal prostates.
Dunning tumors, and benign hypertrophie prostates

Cytosol was supplemented with 4 M NaCl to make the final concentration 0.5
M and was mixed with an equal volume of heparin-Sepharose gel equilibrated
with 10 mM Tris-HCI (pH 7.5) containing 0.5 M NaCl. The mixture was incubated
at 25'C for 3 h with constant shaking followed by centrifugation. The resulting

supernatant was subjected to the activity assay. Control sample was treated with
Sepharose CL-6B gel. Relative contents were calculated from units of growth
factor activity (see "Materials and Methods"). Activity units of the respective

control were taken as 100%.

ProstateNormal

ratVentral"DorsolateralDunning

tumorsublineHSAT-2AT-3Growth

factor activity
(units/mgprotein)74(141)*117180215278Relative

content of
LoA-RPGF(%)75.077.09.312.82.3

Human benign prostatic
hypertrophie tissuec

175 8.1

" Cytosol from the ventral prostate was previously dialyzed overnight against
10 mM Tris-HCI (pH 7.5) containing 0.25 M sucrose and 3 mM CaCI2 at 4'C.

* Numbers in parentheses, activity before dialysis.
' The data were in accordance with our previous report (13).

20 40

Fig. 2. Affinity chromatography of dorsolateral prostate RPGF on a heparin-
Sepharose column. Cytosol of the dorsolateral prostate (50 ml; 3.1 mg protein/
ml) was supplemented with 7.2 ml of 4 M NaCl and applied to a heparin-
Sepharose column (1.4 x 7.5 cm). After washing, a gradient (300 ml) of 0.5-3.0
M NaCl was applied. Fraction volumes were 5.2 ml. â€¢,DNA synthesis stimulating
activity. The content ratios of LoA-RPGF/HiA-RPGF were different from the
data shown in Table 1 because the activity was not expressed as units/ml.
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Fig. 3. Affinity chromatography of ventral prostate RPGF on a heparin-
Sepharose column. Cytosol of the ventral prostate (45 ml; 5.9 nig protein/ml)
was supplemented with 6.4 ml of 4 M NaCI and applied to a heparin-Sepharose
column. Other experimental conditions are the same as those described in the
legend to Fig. 2.

Fig. 4. Affinity chromatography of Dunning tumor RPGF on a heparin-
Sepharose column. Cytosol of AT-3 subline of the Dunning tumor (29.5 ml; 4.1
mg protein/ml) was supplemented with 4.2 ml of 4 M NaCI and applied to a
heparin-Sepharose column. Other experimental conditions are the same as those
described in the legend to Fig. 2.

1. When a gradient elution with NaCI was applied to the
column, two peaks of growth factor activity were recovered:
one was eluted at 1.3-1.5 M NaCI (designated HiA,-RPGF)
and the other at about 1.6-1.7 M NaCI (designated HiA2-
RPGF). The ratios of HiA,-RPGF/HiA2-RPGF calculated
from activity units were about 1 and Vi for the ventral prostate
and the dorsolateral prostate, respectively. On the other hand,
about 85% of the activity (units) in the AT-3 subline was
adsorbed by the column (Fig. 4). HiA-RPGF in the AT-3
subline appeared to be separated into HiAr-RPGF and HiA2-
RPGF. The higher ratio of HiA2-RPGF/HiA,-RPGF in the
Dunning tumor did not vary among the sublines of the tumor;
HiAi-RPGF was found to be minor in the tumors tested (less
than 5% of total HiA-RPGF).

These results indicate that there are three types of growth
factor (LoA-RPGF, HiA.-RPGF, and HiA2-RPGF) with dif
ferent affinities for heparin-Sepharose and that the content
ratio of HiA/LoA was remarkably higher in the Dunning tumor.

Partial Purification of RPGF in the Dunning Tumor. To clarify
the characteristics of RPGF in the Dunning tumor, the cytosol
(75 ml) prepared from the AT-3 subline (7.5 g) was subjected
to affinity chromatography on a heparin-Sepharose column.
Chromatographie patterns were essentially the same as those
shown in Fig. 4. More than 98% of the total protein (A280)was
eluted in the void volume fractions, whereas a negligible amount
of protein was eluted with NaCI gradient. The active fractions
(42-48 in Fig. 4) were diluted to decrease NaCI concentration
to about 0.8 M with 10 miviTris-HCl (pH 7.5) and subjected to
the second affinity chromatography on a newly packed column
of heparin-Sepharose. Thus, the two-step procedure resulted in
about 1100-fold purification, and the recovery was about 20%.
The dose-response curve of the final preparation of HiA2-RPGF
in the Dunning tumor shows that it distinctly stimulated DNA
synthesis in BALB/3T3 cells at a concentration as low as 5 ng/
ml (about 0.25 nM) (Fig. 5).

Properties of Partially Purified HiA2-RPGF in the Dunning
Tumor. The partially purified HiA2-RPGF in the Dunning
tumor was subjected to isoelectric focusing with Ampholine
carrier ampholytes (Fig. 6). One major peak with a pi of about
3.8 in addition to two minor peaks with pis of 8.6 and 10.5 was
recovered in a yield of 30%. About 89% of the total activity
was focused as a major peak at pH 3.8. The activity was more
unstable at acidic pH than at neutral and alkaline pH (data not

o
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fig/ml]
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Fig. 5. Dose-response curves for the growth factor activity of partially purified
Dunning tumor RPGF (rPGF). DNA synthesis stimulating activities of the
cytosol from the Dunning tumor (O), the final preparation of HiA2-RPGF in the
Dunning tumor (â€¢),heat-treated HiAz-RPGF (A) (see Table 2), and calf serum
were measured at the various doses indicated.

Fig. 6. Isoelectric focusing of Dunning tumor RPGF. A portion (4.6 ml
containing 7 Â¿tÂ£protein) of the final preparation was subjected to isoelectric
focusing using a 110-ml electrofocusing column. After electrophoresis for 48 h at
2'C, 1.5-ml fractions were collected. The fractions were adjusted to pH 6-8 with
HC1 or NaOH before growth factor assay. Ampholine-carried ampholytes them
selves did not influence the assay of growth factor activity.
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shown). Accordingly, the major growth factor in the Dunning
tumor seemed to be represented by a component with pi of
about 3.8. The molecular weight of RPGF in the Dunning
tumor was estimated to be about 19,000 by molecular-sieve
chromatography on a Sephadex G-75 column in the presence
of 0.5 M NaCl (data not shown). When HiA2-RPGF was sub
jected to molecular-sieve chromatography in the presence of
NaCl lower than 0.1 M, the active fractions were not eluted
within two bed volumes from the column of either Sephadex
G-75 or TSK 2000SW. The activity of the growth factor was
almost completely destroyed by heating at 70Â°Cfor 5 min

(Table 2; Fig. 5), whereas the activity was stimulated in the
presence of dithiothreitol at pH 9.0 (Table 2). Treatment with
either 1 M acetic acid or l M HC1 destroyed most of the activity.
As shown in Table 3, the partially purified HiA2-RPGF did not
stimulate the colony formation of NRK cells in soft agar at a
concentration of 250 ng/ml or lower in the presence of EGF (5
ng/ml), indicating the HiA2-RPGF did not have TGF-/3 activity.

DISCUSSION

It is generally difficult to measure growth factor content with
high accuracy without immunological techniques because bio
logical samples contain unknown inhibitors including cytotoxic
substance. As a matter of fact, the present study showed that
the ventral prostate of normal rat contains a dialyzable cyto
toxic substance (Fig. 3), whereas the dorsolateral prostate and
the Dunning tumor did not. Dose-response curves for growth
factor activity indicate that the growth factor content in the
Dunning tumor is not remarkably higher than that of the
normal prostate, as already demonstrated in normal and dis
eased prostates in humans (3, 4, 7, 8). These results led us to
examine a qualitative difference in growth factor between nor
mal and cancerous prostatic tissues. Klagsbrun and Shing (22)
reported that tumor-derived CE cell growth factor had a special
affinity for heparin without correlation between heparin binding
affinity and isoelectric point of growth factor. They also sug
gested that the various CE cell growth factors have in common
a structural domain that is involved in binding to heparin. Nishi
et al. (13) demonstrated that human prostatic growth factor in
benign hypertrophie prostates with high affinity for heparin
was similar to but not identical to fibroblast growth factor. In

Table 2 Stability of partially purified Dunning tumor RPGF
Experimental conditions are described in the text. As a control experiment for

dithiothreitol treatment, EGF was incubated with dithiothreitol under the same
conditions as those for RPGF.

Treatment Remaining activity (%)

None
Heat, 70'C for 5 min

Acid
IMHCI
l M acetic acid

Dithiothreitol
RPGF
EGF

100
<3

7
20

260
20

Table 3 TGF-0 activity of partially purified HiAi-RPGFfrom the Dunning tumor
One hundred i/\ each of phosphate-buffered saline and fetal calf serum were

added. Hi A .-K!'( .1 was diluted with phosphate-buffered saline.

Sample Colony no./dish

Phosphate-buffered saline
Fetal calf serum
HiA2-RPGF

5 ng/ml
50 ng/ml

250 ng/ml29

(1)Â°

1244(43)43

(1.5)
100(3.4)
86 (3.0)

' Numbers in parentheses, relative colony no./dish.

addition, we found in the present study that there were two
types of growth factor in the rat prostate with different affinities
for heparin-Sepharose and that the ratios of HiA-RPGF/LoA-
RPGF were maximally about 140 times higher in the Dunning
tumor than in normal prostates. These findings, together with
the result that about 90% of the activity in human hypertrophie
prostates shows high affinity for heparin (Table 1), indicate
that the increase of HiA type growth factor is closely related to
neoplastic or hypertrophie growth of the prostate, although it
may not be necessary for malignant growth of the prostate.
Dose-response curves of RPGF partially purified from the
Dunning tumor (HiA2-RPGF) demonstrated that it could stim
ulate DNA synthesis in BALB/3T3 cells at a concentration as
low as 5 ng/ml. TGF-/3 is known as a mitogenic factor for a
variety of fibroblastic monolayer cultures. Since RPGF was
isolated from tumor tissue, it inevitably is interesting to ask
whether RPGF in the Dunning tumor does or does not have
TGF-ÃŸactivity. HiA2-RPGF did not stimulate the colony for
mation of NRK cells in the presence of EGF at a concentration
as high as 250 ng/ml (Table 3), indicating that the RPGF did
not have TGF-0 activity. Heparin-binding activity and stability
properties indicate that HiA2-RPGF in the Dunning tumor
could be grouped into an acidic heparin-binding growth factor
in the light of a new classification proposed by Lobb et al. (23).
Presently, we do not know whether RPGFs are specific for the
prostate or are also present in normal and cancerous tissues
other than those of the prostate. Although there remains un
certainty regarding the nature of determinants that affect the
heparin affinity of RPGF subclasses, further characterization
of these components using other refined approaches such as
immunological methods is necessary not only for understanding
the significance of RPGF in prostatic tissue but also for estab
lishing the role of HiA-RPGF in diseased prostates.
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