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ABSTRACT:  Prostatic growth is primarily regulated by dihydrotestosterone (DHT). Re-
cent studies have demonstrated that a large number of growth factors are present in the
human benign prostatic hyperplasia (BPH) prostate, including epidermal growth factor
(EGF), transforming growth factor-alpha (TGF-a), transforming growth factor beta (TGF-),
insulin-like growth factor (IGF), and basic fibroblast growth factor (bFGF) (FGF-2). DHT may
mediate its mitogenic effects in the prostate by regulating growth factors. To test this hy-
pothesis, we have utilized a histoculture androgen sensitivity assay (HASA) in which ®H-
thymidine incorporation is measured in aliquots of BPH tissue in histoculture with either
added DHT or hydroxyflutamide (HF). The resulting DHT/HF ratio is an expression of the
androgen sensitivity of the tissue. In this study, we have compared the DHT/HF ratio for
*H-thymidine incorporation to the DHT/HF ratio for FGF-2 measured in the histocultured
prostates. The DHT/HF ratio for the HASA studies of *H-thymidine incorporation averaged
2.68 compared to the DHT/HF ratio for FGF-2 in the same specimens of 1.01. These values
were significantly different, therefore indicating no relationship between DHT stimulation
and FGF-2 levels. In addition, FGF-2 levels were measured in human BPH prostates from
patients medically castrated with megesterol acetate and estradiol 17- prior to surgery.
These values were not significantly different, and therefore do not suggest any effect of DHT
on the concentration of prostatic FGF-2. Although these studies did not show any effect of
DHT on the regulation of prostatic FGF-2, they do indicate that the HASA assay is feasible
and appropriate to use in the study of relationships between DHT and various growth

factors. © 1994 Wiley-Liss, Inc.
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INTRODUCTION have demonstrated a two-to-threefold increase in the

The role of growth factors in the regulation of pro-
static growth is currently being explored by many
investigators. Numerous growth factors and their re-
ceptors including insulin-like growth factor 1 (IGF1)
[1,2], epidermal growth factor (EGF) [3], transform-
ing growth factor alpha (TGF-a) [3], transforming
growth factor beta (TGF-B) [4], and basic fibroblast
growth factor (bFGF) (FGF-2) [5] have all been iden-
tified in either human benign prostatic hyperplasia
(BPH), prostatic cancer tissue, or both. Story et al.
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concentration of FGF-2 in BPH tissue and have
shown its synthesis by prostatic fibroblasts [6]. This
paper goes one step beyond the measurement of the
growth factor per se by addressing the question as to
whether DHT regulates FGF-2 concentration in BPH
tissue.
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We have developed an assay system, the histocul-
ture androgen sensitivity assay (HASA), ideally
adapted to the study of interactions between andro-
gens and growth factors [7]. In the previously re-
ported HASA, we demonstrated a predictable and
significant increase in *H-thymidine incorporation
into prostate specimens incubated in histoculture
with dihydrotestosterone (DHT) for 5 days as com-
pared to parallel incubations with hydroxyflutamide
(HF), which blocks androgen-mediated action [7]. We
have used the HASA to study the effect of DHT on
FGF-2 by first measuring the ratio of thymidine up-
take in DHT relative to HF-treated prostate histocul-
tures. We then compared this ratio to the ratio of
FGF-2 in the DHT-treated relative to the HF-treated
specimens of the same prostate histocultures. In ad-
dition, we have evaluated the possible role of DHT in
the regulation of FGF-2 by measuring FGF-2 in fresh
untreated BPH tissues, and comparing these values
to those obtained from tissues depleted of DHT by
medical castration with megestrol plus minidose es-
trogen (1 mg estradiol 17-B).

MATERIALS AND METHODS

In Vitro Histoculture of Previously Untreated BPH
Prostates Obtained at Surgery and Assayed for
3H-Thymidine Incorporation and FGF-2 Content

Our previously reported 5-day histoculture tech-
nique, the HASA, for measuring DHT stimulation of
BPH tissue growth was employed in these studies [7].
Briefly, in the HASA, 50-100 mg of minced prostate
tissue per well was incubated for 5 days on sponge
gel matrices in MEM Earles with additives at a pH of
7.4; aliquots of each prostate studied were incubated
with DHT at 2 X 10"®* M or HF at 2 x 107° M.

Incorporation of tritiated thymidine, which was
added on the fourth day of incubation, served as an
indicator of growth stimulation. Incorporation of
’H-thymidine by DHT-treated specimens was com-
pared to parallel incubations of tissue from the same
prostate with HF. We had previously reported that the
ratio of thymidine incorporation per microgram of
protein was approximately 2.7 times higher in the
DHT-treated specimens compared to the HF-treated
specimens [7].

Aliquots of the same tissues that were histocultured
with DHT or HF and assayed for *H-thymidine were
also assayed for FGF-2. We also attempted to measure
FGF-2 in the conditioned media of the incubates.

FGF-2 Concentrations in BPH Prostates From
Patients Treated In Vivo

We measured FGF-2 content by radioimmunoas-
say in fresh untreated BPH tissue obtained at sur-

gery, and compared the values to those obtained
from BPH tissue obtained surgically following 1 week
of in vivo treatment with megestrol acetate (MA), 120
mg/day, plus estradiol 17-B (E,) 1 mg/day. This com-
bination therapy produced a medical castration
(plasma testosterone less than 40 ng/dl) as indicated
by plasma testosterone levels in all patients. We pre-
viously demonstrated that prostate DHT levels in pa-
tients who have been medically castrated with this
regimen are reduced to less than 1.0 ng/g [8].

Method for extraction and radioimmunoassay

FGF-2 was extracted from histocultured prostates
by the method previously described by Gonzalez et
al. [9]. Briefly, in this method, tissues were homog-
enized in a Tris-buffered saline containing enzyme
inhibitors at a pH of 7.0. The homogenate was cen-
trifuged at 48,000g for 30 min, then diluted threefold
with 10 mmol/L Tris-Cl, pH 7.4, and then incubated
at 4°C overnight in the presence of 50 pl heparin-
Sepharose. On the following day, the sample was
centrifuged and the protein bound to the gel was
eluted with two washes of 100 pl of 2 M NaCl in 10
mmol/L Tris-Cl, pH 7.4. The eluted material was then
radioimmunoassayed for FGF-2 and corrected for
protein concentration.

Immunologic detection of FGF-2

Western blotting of FGF-2 was performed accord-
ing to previously described methods with slight mod-
ifications [9]. The heparin-Sepharose-associated ma-
terial prepared as described was eluted from the gel
with Laemmli’s sample buffer. The eluted material
was electrophoresed on 15% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE),
electroblotted onto nitrocellulose, and incubated with
protein A-purified antibody to FGF-2 [10].

Antibodies to FGF-2

Polyclonal antibodies were raised against the 1-24
synthetic fragment of bovine FGF (1-146) [10]. These
antibodies detect FGF and do not recognize acidic
FGF. IgG fractions were prepared by (NH,),SO,
precipitation, purified by passage over a protein
A-Sepharose column, and used in the studies re-
ported here. In control studies, the IgG used was
preincubated with Affigel-10 alone or with Affigel-10
that had been coupled with recombinant FGF-2 (400
pg/ml). The Affigel was removed by centrifugation,
and the supernatants were used in control studies to
show that depleted antibodies failed to stain the tis-
sue sections. Identical staining was also observed
with an IgG prepared from a polyclonal antibody
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TABLE 1. Comparison of DHT/HF Ratio for
3H-Thymidine Incorporation/pg Protein, and FGF-2
ng/mg Protein in the Same BPH Prostate Following

5-Day Incubation in Histoculture

Tissue DHT/HF for DHT/HF for FGF-2
no. (*H-thymidine/pg protein) (ng/mg protein)
172 1.5 0.96
179 3.2 1.4
180 2.3 0.38
190 3.0 0.93
199 3.4 14
X = 2.68* X = 1.01

*Significantly different from 1.01; P = .003.

raised in rabbits against intact human recombinant
FGF-2.

RESULTS

As shown in Table I, the ratio of tritiated thymi-
dine incorporation/ug protein in the DHT-treated
compared to the HF-treated histocultures averaged
2.68. The ratio of FGF-2 in the DHT samples as com-
pared to HF samples of the same five histocultured
specimens averaged 1.01. There was no statistical cor-
relation between the DHT/HF ratio for *H-thymidine
incorporation and the FGF-2 ratio for the same spec-
imens. Immunoreactive FGF-2 was undetectable
(<200 pg/mg) in the conditioned media from the his-
toculture experiments (not shown).

In the in vivo studies, FGF-2 concentration was
22.97 ng/mg protein in extracts of tissues from pa-
tients pretreated with MA and E, (n = 8). This com-
pares to a concentration of 24.65 in the untreated
specimens (n = 10) and indicates that there is no
significant difference between the two (see Table II).
Patients pretreated with MA plus E; had plasma tes-
tosterone levels on the day of surgery averaging 44
ng/dl which establishes the efficacy of the medical
castration.

DISCUSSION

Although there is no doubt that FGF-2 is found in
the prostate and is produced by the stromal cells,
Story et al. [4] have suggested that its levels may not
be regulated by androgen but by TGF-B. Zuck et al.
[11] published data indicating that androgens may, in
fact, stimulate the release of substances in the FGF
family, although they did not indicate that it was
FGF-2. In Zuck’s experiments, there was evidence
that coculture of LnCap cells with SW-13 cells re-
sulted in a stimulation of the latter by the former.
This stimulation was markedly augmented by incu-

TABLE |l. bFGF Levels in Prostates of Patients Treated
With MA and E, Compared to Untreated
Control BPH Tissues

Controls
(bFGF-ng/mg protein)

MA + E,
(bFGF-ng/mg protein)

18.08 15.49

9.42 26.91

32.46 10.59

30.32 52.89

11.74 14.54

82.01 32.08

8.84 4.97

16.74 26.29

20.46

16.28 X = 22.97 + 5.36 S.EM.

X = 24.65 = 6.85 S.EM.

bation with androgen. The fact that anti-FGF antibod-
ies inhibited the growth of the SW-13 cells did sug-
gest that the SW-13 cell growth was mediated by
androgen stimulation of FGF-2.

However, Cunha et al. [12] cited data by Alarid et
al. [13] that strongly support the thesis that FGF-2 is
not a significant factor in mediating prostate growth.
Alarid et al. [13] showed that cotransplanted rat uro-
genital sinuses, representing a prostatic anlage, were
unaffected in their growth by specific anti-FGF-2 anti-
sera as compared to specimens treated with normal
rat serum in vivo. Cunha et al. [12], in the same ar-
ticle, cited evidence that keratinocyte growth factor
(KGF), which is a recently discovered member of the
FGF family, may be implicated in prostate growth. In
view of the fact that there are now nine members of
the FGF family including one characterized as andro-
gen dependent [14], perhaps the effects attributed to
FGF-2 are due to the presence of an FGF-2-related
protein. The FGFs appear to share receptor crossre-
activity and, as such, it will be important to clearly
delineate the potential role of each in prostate
growth, development, and disease.

With the data obtained through our histoculture
experiments, we have shown that there is no rela-
tionship between DHT-stimulated growth in our his-
tocultured experiments and changes in FGF-2. In ad-
dition, our in vivo studies, in which we depleted the
prostate of androgen with MA and E, for a week prior
to surgical resection, suggest no effect on the concen-
tration of FGF-2 by decreasing DHT concentration in
the prostate.

CONCLUSIONS

Despite the fact that these studies showed no cor-
relation between DHT and FGE-2 levels, it is the first
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demonstration of the usefulness of HASA in explor-
ing physiological relationships between hormones
and growth factors. A further analysis of the role of
other FGFs in this model is underway, even though
these studies do not support the thesis that DHT mi-
togenic effects in human prostate tissue are associ-
ated with changes in FGF-2 tissue levels.
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