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Summary. A growth factor capable of stimulating DNA
synthesis of Balb/c 3T3 cells was purified by heparin-
Sepharose column chromatography about 1900-fold from
the cytosol of human prostatic tissues obtained at autopsy
or open prostatectomy. This growth factor bound to
heparin-Sepharose in the presence of 0.5 mol/l NaCl and
was eluted by 1.0-1.55 mol/l NaCl. Its molecular weight
was estimated to be 68000 by SDS-polyacrylamide gel
electrophoresis. The amino acid composition was deter-
mined and compared with the data of other growth
factors, which revealed no striking conformity. Distri-
bution of growth factor activity was investigated in
mechanically separated prostatic tissues of benign pro-
static hyperplasia. The separation scheme provided two
fractions: the stromal fraction consisting mainly of fibro-
blasts, fibers and smooth muscle, and the epithelial
fraction consisting of epithelial cells. The specific growth-
stimulating activity in the stromal fraction was about 2-
fold that in the epithelial fraction. Referred to the total
activity of whole tissue, about 74% of the activity could be
detected in the stromal fraction, while only about 5% was
detectable in the epithelial fraction. This study demon-
strates the existence of a growth factor in human benign
hyperplastic prostatic tissues, showing a remarkable dis-
tribution of growth factor activity, which may play a role
in the pathogenesis of benign prostatic hyperplasia.
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Although benign prostatic hyperplasia (BPH) is probably
the most common neoplastic growth that occurs in men
[31], the etiology remains unclear. Over 290000 surgical
procedures are performed each year in the United States
to relieve the symptoms arising from BPH. This makes
BPH the second leading cause of surgery in men, with an
overall medical cost well in excess of $1 billion per year in
the United States [31]. Numerous reports on the origin
and the development of BPH have appeared in the literature.

All available information points to two leading factors in
the development of BPH: the testes and aging [31, 32]. As
long ago as 1940 Huggins and Stevens [10] suggested that
at least prostatic epithelium is controlled by the testis. The
role of the hormones, however, may be permissive rather
than causal [29, 33]. A synergistic action of androgens and
estrogens seems probable [30, 31, 33]. On the other hand,
stromal-epithelial interactions may play a role in the
pathogenesis of BPH [4, 31]. As early as 1939, Deming
and Neumann [6] suggested that a growth-promoting
substance produced by the prostate might be the cause of
BPH. Their paper, however, did not stimulate the search
for such a factor, and it was not until 1979 that Jacobs et
al. [11] first reported a growth-promoting factor in crude
extracts of human prostatic tissues. Meanwhile several
investigators have been able to demonstrate and purify a
number of different growth factors in human prostatic
tissues 9, 12, 21,26, 27, 29]. Nevertheless, the role of these
growth factors remains unclear.

The facts described above emphasize the need for
further investigation to find the etiology of this disorder
and to provide alternative forms of treatment. In this
study, the purification and further characterization of a
growth factor from human hyperplastic prostatic tissues is
presented.

Materials and methods
Assay for growth factor activity

Growth factor activity was determined by measuring the ability of
samples to stimulate the incorporation of [*H]thymidine into the
DNA of quiescent Balb/c 3T3 cells (clone A 31, ATCC NO. CCL
163, Flow Laboratories GmbH, Meckenheim) as described else-
where [13, 22,27, 29], with modifications as described below. Balb/c
3T3 cells (6 X 104/ml) were plated in 96-well multiwell plates (Nunc,
Wiesbaden, FRG) with 200 pl of Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% newborn calf serum (NCS) and
1% antibiotic solution (10.5 mg/ml streptomycine, 6.4 mg/ml
penicillin G). DMEM and NCS were from Gibco Europe (Karls-
ruhe, FRG), antibiotics from Sigma Chemie (Taufkirchen, FRG). After



134

minced
prostatic tissue

l homogenization

homogenate

filtration through nylon gauze
under slight suction

filtrate

zentrifugation

pellet epithelial stromal
supernatant wash filtrate
l (ES) (FS)
epithelium

fraction (E)

incubation for 24 h at 37°C in a humidified atmosphere of 5% CO,
in air the medium was replaced by 200 ul DMEM containing 1%
NCS and 1% antibiotic solution. After incubation at 37°C for 48 h
test samples and control material were added in volumes ranging
from 10-30 pl/well. Immediately after addition of the test samples
and control material, 10 pl of [*Hthymidine (Amersham Buchler,
Braunschweig, FRG) solution (104 pCi/ml; 6.7 Ci/mmol) was added
to each well. After incubation for at least 24 h at 37°C the cells were
washed once with 250 pl of phosphate-buffered saline (PBS) and
incubated twice with 150 pl methanol per well at room temperature
for 5 min each time. Then the cells were washed twice with 20 pl/well
of distilled water and three times with 200 pl/well of cold 10% (w/v)
trichloroacetic acid solution. DNA was solubilized with 200 pl/well
of 0.5 mol/l NaOH and mixed with 3 m! Opti-Fluor scintillation
fluid (Packard Instruments, Frankfurt, FRG). Radioactivity was
counted with a Minaxi Tri-Carb 4000 Series Liquid Scintillation
Counter (Packard Instruments, Frankfurt). All measurements were
done at least in duplicate. A relative mitogenic activity (RMA) was
calculated as follows [25-27]:

_ CPM (test sample) — CPM (sample buffer)
CPM (10% NCS) — CPM (sample buffer)

RMA

One unit of activity was defined as a RMA equal to one, i.e. a
response equal to that produced by 10% NCS.

Tissue homogenization and growth factor isolation

Human hyperplastic prostatic tissues were obtained at open prosta-
stectomy or at autopsy. They were frozen and stored at —75°C for
up to 3 months before use.

Finely minced prostatic tissue was homogenized in 10 volumes (v/
w) of 10 mmol/1 Tris-HCI (pH 7.5) with a Sorvall Omni mixer at a
setting of 10 for | min and 1-min intervals with cooling (5 times). The
homogenate was centrifuged at 38000 g for 1 h. The resulting
supernatant was filtered through glass wool and used as the starting
material (cytosol). Further purification was carried out with hepar-
in-Sepharose column chromatograpy as described by Nishi et al. [21]
with slight modifications. The cytosol of BPH tissue was supple-
mented with 2-4 mol/1 NaClto give a final NaCl concentration of 0.5
mol/I. The solution was applied to a heparin-Sepharose column
(diameter 1.5 cm, bed volume about 9.5 cm?) equilibrated with 10
mmol/l Tris-HCI (pH 7.5) containing 0.5 mol/l NaCl. The column
was washed with the same buffer until the absorbance of the eluate
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l Fig. 1. Scheme of mechanical
stromal separation of human prostatic tissue
fraction (S) [14]

reached baseline. The absorbed protein was eluated with a gradient
(300 ml) of 0.5-3.0 mol/l NaCl. All procedures were carried out as
close to 0°C as possible. NaCl concentrations in gradient fractions
were determined by measuring the conductivity with a Conductivity
Meter CDM 3 (Radiometer Copenhagen, Denmark), Growth factor
activity of sample fractions was measured as described above.

Mechanical separation of prostatic tissue

All procedures were carried out as close to 0°C as possible. The
separation of prostatic tissues into epithelium and stroma was
performed according to the method of Cowan et al. [2] as modified
by Krieg et al. [14] without using NaNj in the sample buffer. A
schematic diagram of the separation is given in Fig. 1.

Other analytical procedures

SDS-polyacrylamide gel electrophoresis was carried out according
to the method of Laemmli [15]. Protein concentrations were
determined by the method of Bradford [1] using bovine serum
albumin as a standard.

Quantitative determination of amino acids was carried out
according to the method of Moore, Spackman and Stein [20, 24]
with a Biotronic BT 6000 amino acid analyzer (Biotronik Wissen-
schaftliche Gerite, Frankfurt/M, FRG) on a cation exchange resin
(Biotronik BTC3118, Lot A299). Fractions with growth factor
activity after heparin-Sepharose chromatography demonstrating a
single protein band in SDS-polyacrylamide gel electrophoresis were
used for amino acid analysis.

Results

Purification of a growth factor
from hyperplastic protatic tissues

The cytosol of BPH tissue (99 ml, protein concentration
2.0 mg/ml) was supplemented with 19 m! of a 3 mol/]
NaCl solution to give a final NaCl concentration of 0.46
mol/1. The total growth factor activity of this solution was
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Table 1. Purification of a growth factor from human hyperplastic prostatic tissnes

Total protein Total activity Specific activity Yield Purification

(mg) (units) (units/mg) (%) (-fold)
Crude extract 200.6 28320 141.2 100 1
Heparin-Sepharose chromatography 0.07 18750 267857 66 1897

Table 3. Growth factor activities in crude extracts of separated prostatic tissue

Fraction Total protein Total activity Specific activity Relative activity
(mg) (units) (units/mg protein) referring to all
fractions (%)
Stromal fraction (S) 30 2325 71.5 73.6
Epithelium fraction (E) 4.8 172 35.8 54
Epithelial supernatant (ES) 99.2 625 6.3 19.8
Stromal wash filtrate (FS) 94.5 38 0.4 1.2
[Units /ml) {mg/mi] factor activity was concentrated and further purified
500 = growth promoting activity moli) 7 several-fold by this step.
= 4 8
% 400 = protein concentration o 1 E
o . s . .
o 300 N NaCl-Grad .41 51 ; Properties of the isolated growth factor
= L = o
% 200 |- E S The molecular weight of the purified growth factor was
a | K estimated at 68000 by SDS-polyacrylamide gel electro-
$ 100 l 1 & phoresis. SDS gel electrophoresis demonstrated only a
g T ot single protein band.

M 20 30 40 SO 60 M 8 96 100

Fraction number

Fig. 2. Affinity chromatography of a growth factor from BPH tis-
sues on a heparin-Sepharose column. Fraction volumes were 9 ml
each from no.! to no.13 and 5 ml each from no. 14 to no.99.
eee (Growth-stimulating activity; OO O, protein concentration,
———, NaC(l concentration

28320 units (specific activity 142.2 units/mg protein). The
solution was applied to a heparin-Sepharose column
equilibrated with 10 mmol/l Tris-HCI (pH 7.5) containing
0.5 mol/l NaCl. It was found that 81% of growth factor
activity was bound to the column; more than 99% of the
protein remained in the unabsorbed fraction. The re-
covery of growth factor activity over all fractions was
95%. Growth factor activity was eluted with 1.10-1.55
mol/l NaCl. By this step, growth factor activity was
purified about 1900-fold; the recovery was about 66%. A
typical result is shown in Table1 and Fig.2. Further
purification was achieved by combining active fractions
and diluting the combined solution with 10 mmol/l
Tris-HCI (pH 7.5) to give a final NaCl concentration of 0.8
mol/l, followed by heparin-Sepharose column chromato-
graphy in the presence of 10 mmol/l Tris-HCl (pH 7.5)
containing 0.8 mol/I NaCl. After washing the column with
the same buffer, the activity was eluted with 10 mmol/I
Tris-HC! (pH 7.5) containing 2.0 mol/l NaCl. Growth

The amino acid composition determined is the result of
several amino acid analyses. The amino acid composition
of the purified growth factor is demonstrated in Table 2.

Distribution of growth factor activity
in mechanically separated prostatic tissue

Prostatic tissue was separated into an epithelial and a
stromal fraction as described above. The effectiveness of
the separation procedure was controlled by light micro-
scopic investigation of smear preparations of the epithe-
lial and stromal fractions stained with a combined May-
Griinwald-Giemsa staining. The epithelium fraction
showed slightly damaged cells with round, darkly stained
nuclei. There were only negligible amounts of stromal
elements. The stromal fraction showed spindle-shaped
nuclei in fibromuscular tissue with only negligible epithe-
lial elements.

Krieg et al. [14] examined the degree of separation of
epithelium and stroma by measuring hydroxyproline as a
marker for collagenous connective tissue, i.e. stromal
fraction, and acid phosphatase as a marker for epithelial
cells. On examining 22 different BPH samples, they found
that on average less than 6% of the epithelial acid
phosphatase content was detectable in the stromal frac-
tion. On the other hand, on average 17% of the stromal
hydroxyproline content was determined in the epithelial
fraction. Thus, the separation method provided material
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Fig. 3. Specific growth-stimulating activities in crude extracts of
separated and unseparated prostatic tissue

Table 2. Amino acid composition of the isolated growth factor

Amino acid Absolute amino Relative amino
acid number acid number
per molecule per molecule (%)

Asx 36.6 6.7

Thr 27.8 5.1

Ser 52.9 9.7

Glx 57.3 10.5

Pro 17.5 3.2

Gly 73.7 13.5

Ala 49.1 9.0

Val 32.7 6.0

Cys 4.4 0.8

Met 7.1 1.3

Ile 24.6 4.5

Leu 43.1 7.9

Tyr 16.9 3.1

Phe 12.0 2.2

His 13.1 2.4

Trp 0-1 0-0.2

Lys 40.9 7.5

Arg 36.0 6.6

Total 548 100

of sufficient purity when examined by histological or
biochemical methods.

Mechanically separated prostatic tissue was homogen-
ized by a Potter-Elvehjem homogenizer at a setting of 4 for
1 min and 1-min intervals with cooling (3 times). Homo-
genized fractions were centrifuged at 38000 g for 1 h. The
resulting supernatant was filtered through glass wool.
Diluting the supernatants with 10 mmol/1 Tris-HCI (pH
7.5) the protein concentration of all crude extracts was
adjusted to 1.2 mg/ml. A crude extract of unseparated
prostatic tissue was prepared in the same way. Growth
factor activity of these fractions was measured as des-
cribed above. The results of growth factor determination
are shown in Fig. 3 and Table 3. The results demonstrate
specific growth factor activity in the stromal fraction of
mechanically separated prostatic tissue that was about

two-fold that in the epithelial fraction. The specific
growth-stimulating activities of the epithelial supernatant
and the stromal wash filtrate were less than 8% and 0.5%
respectively, of the stromal fraction. Referred to the total
activity of whole tissue, about 74% of growth-stimulating
activity was detected in the stromal fraction; only about
5% was detectable in the epithelial fraction.

Discussion

The results presented in this paper demonstrate the
existence of growth factor activity in human hyperplastic
prostatic tissues. The purification of a growth factor with
a molecular weight of 68000 is reported. This growth
factor may be identical or similar to one described by
Lawson et al. [16] in crude extracts of hyperplastic
prostatic tissues, whose molecular weight was estimated at
about 67000 by gel filtration. The growth factor investi-
gated showed a high affinity for heparin, a highly sulfated
glycosaminoglycan. It may therefore be one of heparin-
binding factors, a new class of polypeptide mitogens. As
their only common biochemical property is high affinity
for heparin, heparin affinity chromatography has become
an essential step in their purification [17].

The purified growth factor presented in this paper was
eluted with 1.10-1.55 mol/l1 NaCl. This concentration is
comparable to those necessary for the elution of other
known growth factors from several sources from heparin-
Sepharose [5, 8, 18, 21, 23, 27, 28].

Since the first description of a growth factor in crude
extracts of hyperplastic prostatic tissues [11], several
investigators were able to demonstrate growth factors in
human hyperplastic prostatic tissues [9, 12, 21, 26, 27,
29]. Different growth factors may probably exist in
human prostatic tissues, because the physical and bio-
chemical properties of known growth factors isolated
from BPH are highly different. Their molecular weights
vary from 13000 to 300000, and growth factors with
either basic or acidic isoelectric points are described [11,
20, 25]. Precursor-product relations are thought to occur
[291.

Comparison of the amino acid composition of the
present growth factor with data of other growth factors of
different origin [3, 7, 17] reveals no striking differences. A
low content of the amino acids tryptophan and cysteine is
notable. Overall, the unpolar amino acids predominate,
and basic and acidic amino acids occur in nearly equal
concentrations. No reason for the high affinity of the
described growth factor to heparin is apparent from the
amino acid composition. The amino acid composition
and the molecular weight of the isolated growth factor
were different from the data of other known growth
factors. Preliminary sequencing of the peptide chain
indicated a blocked N-terminus. Considering the avail-
able information, the growth factor presented here seems
to be a new entity.

The growth factor investigated showed a striking
distribution in prostatic tissue. Most of the growth factor
activity was found in stromal tissue, and the minor part of
the activity in the epithelial fraction.



It is also conceivable that the origin of the present
growth factor is outside the prostate gland, e.g. in the
hypothalamus or the pituitary gland. The growth factor
may be transported via the bloodstream to the site of
action. The effect of the growth factors on the differen-
tiation and growth regulation of the prostate gland may be
exerted with the help of growth factor receptors, which
have not yet been demonstrated. A different distribution
of growth factor receptors in the prostate gland could
explain the striking distribution of growth factor activity
in prostatic tissue.

Up to now, the role of growth factors in the patho-
genesis of BPH is unclear. However, in early 1939,
Deming and Neumann [6] postulated that the stromal
tissue of the prostate might produce some stimulating
and proliferating effects on the epithelium. Such an effect
may be exerted by growth factors. Cunha [4] supposed
that the response of epithelial cells on androgenes might
be produced from stroma cells by trophic influences,
which might serve as target cells for androgens. Further-
more, McNeil [19] postulated that a trophic inducing
factor from stroma might cause epithelial cell prolifer-
ation. Growth factors could act as proliferating and
inducing agents of this kind. Stroma cells may be caused
to produce large amounts of growth factors by some
unknown influence. These growth factors may have an
important influence on normal cell growth and replica-
tion. Large amounts of this growth factor may cause a
hyperplasia of stromal tissue by autocrine and paracrine
mechanisms with subsequent epithelial cell proliferation.
This hypothesis takes account of the well-known fact that
BPH begins with proliferation of fibroblasts and that
epithelial elements are only secondarily affected. The
possible origin of growth factor in stromal tissue is
supported by the fact that the major part of growth factor
activity is localized in stromal tissue of BPH. The role of
growth factors in the pathogenesis of BPH is only
hypothetical. Other etiologic factors, e.g. steroid hor-
mones and stroma-epithelium interactions may also play
a role. A differential expression of growth factor activity
in fetal, adolescent and normal adult prostate as well as in
BPH could help to explain the participation of growth
factors in the pathogenesis of BPH. Until now, there is
conflicting information about the expression of growth
factors in normal prostatic and BPH tissues. Jinno et al.
[12] and Hierowski et al. [9] were able to demonstrate
quantitative differences of growth factor activity between
normal and BPH tissues. In contrast, Jacobs et al. [11],
Lawson et al. [16] and Tackett et al. [29] were not able to
demonstrate quantitative differences. Nevertheless,
qualitative differences in growth factors that may at
present be beyond the reach of detection because of a lack
of sensitive methods to determine growth factor activity,
may play a role in pathogenesis of BPH.

Nevertheless, further investigation is necessary before
the role of growth factors in the pathogenesis of BPH will
be understood.
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