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A B S T RA C T To gain insight into the mechanism by
which steroidal hormones influence the development
of canine prostatic hyperplasia, nuclear and cytosolic
androgen- and estrogen-receptor content, as measured
under exchange conditions by the binding of [3H]R1881
(methyltrienolone) and [3H]estradiol, respectively,
were quantitated in the prostates of purebred beagles
of known age. In young dogs with spontaneously arising
and experimentally induced (androstanediol plus estra-
diol treatment) prostatic hyperplasia, nuclear, but not
cytosolic, prostatic androgen-receptor content was
significantly greater than that determined in the normal
prostates of age-matched dogs (3,452+222 and 4,035
±274 fmol/mg DNA vs. 2,096±364 fmol/mg DNA,
respectively). No differences were observed between
the androgen-receptor content of the normal prostates
of young dogs and the hyperplastic prostates of old
dogs. The cytosolic and nuclear estrogen-receptor
content of spontaneously arising prostatic hyperplasia
in both young and old animals was similar to that found
in normal prostates. The administration of estradiol
plus androstanediol to castrate dogs significantly in-
creased the prostatic nuclear androgen-receptor content
over that found in dogs treated only with androstanediol.
This estradiol-associated increase in nuclear androgen-
receptor content was accompanied by the develop-
ment of benign prostatic hyperplasia.

Estradiol treatment of castrate dogs resulted in an
increase in prostatic nuclear estrogen-receptor content,
in the appearance of a putative prostatic cytosolic
progesterone receptor, and in an alteration of the
epithelium of the prostate to one characterized by
squamous metaplasia. Treatment of castrate dogs with
both estradiol and androstanediol resulted in a reduc-
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tion in prostatic nuclear estrogen-receptor content,
disappearance of the progesterone receptor, and loss of
squamous metaplasia.

An increase in nuclear androgen-receptor content,
thus, appears to be an important event in the develop-
ment of both spontaneously arising and experimentally
induced canine prostatic hyperplasia. The mechanism
of androgen-estrogen synergism in the experimental
induction of canine benign prostatic hyperplasia may
be explained by estradiol-mediated increases in
nuclear androgen-receptor content. Because andro-
stanediol blocked certain estradiol-mediated events
within the prostate, a negative feedback mechanism
may exist in which the response of the canine prostate
to estrogens is modulated by rising levels of androgen.

INTRODUCTION

The sensitivity of the canine prostate to androgens
and estrogens is widely accepted. Canine prostatic
hyperplasia, a common model for the study of the
human disease, only develops in the presence of func-
tioning testes (1, 2) and regresses after bilateral
orchiectomy (3). It can be maintained or restored
after castration by the administration of exogenous
androgens (3, 4) and can be induced successfully in
castrated young dogs with the administration of either
dihydrotestosterone or androstanediol in combination
with estradiol (5, 6). Biochemically, canine prostatic
hyperplasia has been characterized by the accumulation
of dihydrotestosterone in prostatic tissue in concentra-
tions five times normal (7).

For biological action to occur, current concepts of
steroid hormone action dictate the presence of specific
receptor molecules (8). These molecules bind with
high affinity to steroid hormones within the cytosol and
are translocated to the nucleus where the cellular
response is initiated. Both androgen and estrogen
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receptors have l)een identified and characterized within
the canine prostate (9, 10).

Thlus, if hormones do indeed play a role in the
pathogenesis of canine prostatic hyperplasia, then the
conitent of hormone receptors miay add valuable in-
sight into this process. Although this hypothesis has
proved attractive to many investigators (11-13), the
place of receptor proteins in the developuienit of pros-
tatic hyperplasia remains uncertain.

In this paper, we report our evaluation of' the cyto-
solic and nuclear prostatic androgen- and estrogen-
receptor content of healthy young purebred beagles
of known age with and without prostatic hyperplasia
anid of old beagles of known age with hyperplasia.
We have demonstrated that the content of ntuclear,
but not cytosolic, androgen receptors is elevated in
young dogs with prostatic hyperplasia. Fturthermiiore,
we have demonstrated that a complex interaction exists
between the various steroid receptors within the
canine p)rostate.

NMETHODS

Animals. 27 healthy purebred male beagles of knowni age
wvere pturchased from Buckshire Fanrms, Perkasie, Pa. The mean age
±SEMof 23 young animals was 2.2+0.4 yr and of 4 old dogs
was 6.0±0.1 yr. Details of the procuremnent ancl treatmiient
of these animals have been reported elsewhere (6). Briefly,
all animals underwent initial laparotomy under intravenous
sodium pentobarbital to determine the size of the prostate
before treatment. The prostates were measured in three
dimensions (dorsoventral, craniocaudal, and transverse), and
the apparent volume was caleulated by regarding the prostate
as a cube. Weight was estimiiated by means of a nomogram:
(1 g prostate is equivalent to 1.53 Cm113; r = 0.99). Where
prescribed, castration was done at the time of laparotomy
via the abdominal incisioni, anid both ep)ididymides and testes
were removed. All animals were allowed 1 m11o for recovery
(and involution of the prostate in castrated dogs) before
initiation of treatments.

Steroids for injection wvere procured and I preplared as
reported in detail (6). Estradiol and androsteronie were
purchased from Steraloids, Inc. (Pawling, N. Y.). 5a-Androstane-
3a, 17,8-diol (androstanediol)' was prepared l)y sodium
borohydride reduction of androsterone. Purity of the steroids
was tested by thin-layer chromatography and high-pressuire
liquid chromatography. Androstanediol (25 mg/ml) w\as finely
powdered and suispended in triolein (practical grade, Sigma
Chemical Co., St. Louis, NMo.) and estradiol was dissolved
(0.25 mg/mIl) in triolein.

16 of the young dogs w\ith normanal prostates were castrated,
divided into four groups, and treated with deep intra-
muiseular injections of either (a) androstanediol, 25 mg three
times per week, (b) estradiol, 0.25 mg three times per
week, (c) androstanediol and estradiol in the above doses,
or (d) triolein alone. Seven of the young dogs and all four old
dogs served as intact controls and received injectionis of
triolein three times per veek for the duration of the experi-
mental period. At the termination of the 4-mo treatment period,
all anim-als were sacrificed and their prostates (qickly re-

' Abbreviationts used in this paper: androstanediol, 5a-
androstane-3a,17,l-diol; BPH, benign prostatic hyperplasia.

moved, trimmlned of sturrouinding comnectik!e tisstie, weighed,
divided into segments accordinig to a predeteirmined pattern,
and frozen in liqutid nitrogeni with aidj Reent sections placecl
in formalin for histological anialysis by a xeterinary pathologist.
The histological techniq(u.ies and criterias for pathological
classification have been ldescribed (6). All tissuie for receptor
analyses was stored uinder li(quid nitrogeni in a Unioni Carbide
li(quiid nitrogeni refrigerator (UUnion Carbile, Corp., NewYork).

Bitndinig sttudies. Most of the tissuies intelyxze(cI for recel)tor
content were derived from either intact animii.ils or castratted
dogs treated with pharmacological doses of steroid. Because
the prostates of these animncals were felt to possess high levels
of steroid, assays were designed to meaesuire total occupied
an.d uiniocctpied receptor sites (exchanttige assay). As previously
reported in detail by Hawkins et al.,2 imaximiuimiii binding of
[311]R 1881 (methyltrienolone) to the caninie prostatic androgen
receptor was achieved at 4°C by 24 h; aniid binding was stalble
for at lea.st 20 additional h. Significantly less binding wa.s
observed at incubation temperatuires of either 15 or 30C-.
Greater than 95% exchange of occupied receptor sites was
achieved by 24 h at 4°C. Maximnumn binding of V1H]estracliol
to the estrogen receptor was achieved by 30 imin at 30(CC;
binding remainie(d stable f)r at least 24 h. (Greater tlhani 95%
exchange of ocecupied receptor sites was oltainel aifter incuba-
tion at 30°C for 20 h. Althouigh a simnilar degr-ee of binding
was observed at ani incublation teml)eratuire of 4°C, exchange
at this temperatuire couldl not be dlemonl.stratted. TherefOre, the
incubation conditions tised for the determiniationi of androgeni-
receptor content were 24 h at 40C, and for estrogen-receptor
content were 20 h at 30'C. Representative saturation analyses
of R1881, estradiol binding to prostatic cvtosol, or nucelear
extract are shown in Figs. 1 and 2.

Preparation of cytosol anid ntuiclear extract. Tissiue frozen
in licquid nitrogen was pulverized with a Thermiiovac tissue
pulverizer (Thermovace Industries, Corp., Copiague, N. Y.).
The powdered tissue was added to 8 vol of TEDGbuffer
(10 mnM Tris, 1.5 m\M EDTA, 1 mMclithiothreitol, 10%
[vt/vol] glycerol, pH 7.4, 22°C) anid homiiogeniized in ani all-
glasss Duiall homogeniizer (Kontes Glass Co., Vineland, N. J.)
for two 5-10-s perio(ds (pestle speedl 1,350 rpm) svith a 60-s
4°C cooling-oft perio(d between homogeniizationls. An ali(cuot
(0.5 ml) was saved for DNAcleteniiincationi. The homiiogenatte was
then cenitrifuged at 800 g for 20 min (4°C). The resultinig super-
nate was decanted and then further centrifuged at 104,000 g
for 1 h at 4°C to yield the stuperniatant cytosol fraction. The
nucelear myofibrillar pellet obtained from the 800 g centri-
f'ugation was washed in 5 vol of TEDGbuffer (800 g, 15 min)
and resuispended in 8 vol of TEDKbuffer (10 m-M Tris, 1.5
m-M EDTA, 1 mniM dithiothreitol, 0.6 M KCl, pH 7.4 at 22°C).
This suispension was homogenized with a Polytron PT 10-35
(5 s, settinig 5, Brinkmiian Instrumilenits, Inc., Westbury, N. Y.)
and centrifuiged for 1 h ait 40C at 104,000 g to yield the super-
natant ntcleatr extracet. Protein concenitrations of 1)oth cytosols
aI)d nuclear extracts were adjusted to 2-3 mg/mIii by the
addition of appropriate buffers.

Androgen-receptor assay. 200 p(i of either cytosol or
nuelear extract was incubeated in triplicate with 50-pil solti-
tions of [3H]R1881 to yield final labeled ligand concenitra-
tions of 0.14-20 nM for cytosol and 0.14-30 nMI for nuclear
extract. A parallel set of incubations was carried out with
idenitical labeled ligand concentrationis in the presence of a
100-fold molar excess of unlabeled R1881 (2 ,uM for cytosol
or 3 ,xM for nuclear extract) to determiiine the amilounit of
nonspecific binding.

2 Hawkins, E. F., L. L. Hicks, J. Trachtenberg, and P. C.
Walsh. Manuscript submitted for publication.
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Ill.), and the radioactivity counted with an efficiency of 34%.
The data were analyzed by the method of Scatchard (14) and
specific binding was expressed as femtomoles of steroid
bound per milligram of cellular DNA for both cytosol and
nuclear extract.

Estrogen-receptor assay. 200 ulJ of either cytosol or
nuclear extract was incubated in triplicate with 50-1lI solu-
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FIGURE 1 Saturation analysis of [3H]R1881 binding to canine
prostatic cytosol (A) and nuclear extract (B). Cytosol or nuclear
extract was prepared and incubated in the presence of [3H]R1881
alone or in combination with 100-fold excess R1881 at 4°C
for 24 h. 0, specific binding; 0, nonspecific binding. Data
are also expressed in the form of a Scatchard plot. B, specifically
bound steroid; F, free steroid.
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After incubation at 40C for 24 h, 500 gl of a 0.25% dextran-
coated charcoal suspension (0.25% acid-washed activated
charcoal, 0.0025% dextran, 10 mMTris, 1.5 mMEDTA, 1 mM
dithiothreitol, pH 7.4, 220C) was added to each assay tube,
shaken on a rotary mixer at 140 rpm for 15 min, and then
centrifuged at 5,000 g for 20 min. The entire resulting super-
nate was then transferred to liquid scintillation vials, mixed
in 10 ml of ACS (Amersham/Searle Corp., Arlington Heights,

nM [3H]estrodiol

FIGURE 2 Saturationi anialysis of [3H]estradiol binding to caninie
prostatic cytosol (A) and nuclear extract (B). Cytosol or nuclear
extract was prepared and incubated in the presence of
[3H]estradiol alone or in combination with 100-fold excess
estradiol at 30°C for 20 h. *, specific binding; 0, nonspecific
binding. Data are also expressed in the form of a Scatchard plot.
B, specifically bound steroid; F, free steroid.
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tions of [3H]estradiol to yield final labeled ligand concentra-
tions of 0.15-10 nM. A parallel set of incubations was
carried out with identical labeled ligand concentrations in the
presence of a 100-fold excess of unlabeled estradiol to deter-
mine the amount of nonspecific binding. After incubation at
30°C for 20 h, free steroid was removed and specific binding
was calculated and expressed as above.

Steroid specificity studies. 200 ,ul of cytosol or nuclear
extract was incubated in triplicate in the presence of 10 nM
[3H]R1881 alone or in the presence of 50 nM, 100 nM, or 1.0
,uM unlabeled R1881 or progesterone. After incubation at
4°C for 24 h unbound and loosely bound steroid was removed
with dextran-coated charcoal as described above; the amount
of specifically bound [3H]R1881 was calculated for each
concentration of unlabeled competing steroid. The percent
inhibition of specifically bound R1881 was then plotted
against the molar excess of the competitor, and the amount
required for 50% inhibition was determined. The ratio of the
concentration of unlabeled R1881 to that of progesterone
required for 50% inhibition, times 100%, was termed the
"relative binding affinity."

Protein and DNA measurements. Protein concentration
was determined by measuring absorbances at 230 and 260 nm
and correcting the values to milligrams per milliliter (A230
x 184) - (A260 x 76.1) = protein in micrograms per milli-
liter (15).

DNAwas measured by the method of Burton (16) using calf
thymus DNAas standard.

Steroids. [17a-methyl-3H]R1881 (87 Ci/mmol) and [2,4,6,7-
3H]17fl-estradiol (96 Ci/mmol), as well as their radioinert
counterparts, were obtained from New England Nuclear
(Boston, Mass.). All other radioinert steroids for binding
studies were obtained from Steraloids, Inc.

RESULTS

At the termination of the 4-mo experimental period,
all dogs were classified according to age, treatment,
and the presence of prostatic hyperplasia. De Klerk
et al. (6) recently reported that histological evidence
of canine prostatic hyperplasia is uniformly present in
beagle prostates weighing >18 g. Thus, using this
gravimetric criterion and a histological classification of
prostatic hyperplasia, all untreated beagles were
assigned to either a "hyperplastic" or "normal" group.
However, the above gravametric criterion does not
hold for steroid-treated animals and, consequently,
the development of prostatic hyperplasia in these
animals was judged only on the basis of histological
criteria (6).

Using the above criteria to define prostatic hyper-
plasia, three young intact (young benign prostatic
hyperplasia [BPH]) and all four of the old intact (old
BPH) dogs were found to have prostatic hyperplasia
(Table I). Although the prostates of castrated untreated
dogs uniformly displayed atrophic changes, those of
estradiol-treated castrates were characterized by atrophy
or squamous metaplasia (6). Squamous metaplasia was
never observed in any of the other groups. Andro-
stanediol treatment alone restored the castrate prostate
to a normal histological appearance, whereas the

combined treatment with androstanediol and estradiol
treatment induced prostatic hyperplasia (6) (Table I).

Androgen receptor. Cytosol and nuclear androgen-
receptor contents were measured in the prostates of
intact dogs with normal prostates and those with
spontaneously arising prostatic hyperplasia (Table II).
High affinity binding of [3H]R1881 was detected in all
cases and no significant differences in apparent
equilibrium dissociation constants were noted be-
tween groups (Table II). Although no differences
were noted in cytosolic androgen-receptor content in
any of the intact groups, the prostatic nuclear androgen-
receptor content of young dogs with spontaneously
arising BPHwas significantly greater than that of normal
prostates of age-matched dogs (Table II). The mean nu-
clear androgen-receptor content of old dogs with BPH,
although higher than that of normal young dogs, was
not significantlv different (Table II).

In castrated dogs, high affinity androgen binding
was detected in all groups and there were no significant
differences in the apparent dissociation constants
between groups. In untreated castrate dogs, cytosolic
and nuclear androgen-receptor levels were low. Treat-
ment with androstanediol increased both cytosolic and
nuclear androgen-receptor levels to those observed in
young control dogs (Table II). Although prostatic
weight was significantly increased to the weight
normally seen in spontaneously developing BPH,
histologically, the glands were normal (Table I). Treat-
ment of castrated dogs with androstanediol and estradiol
resulted in levels of cytosolic androgen receptor com-
parable with those found in dogs treated with andro-
stanediol alone. Nuclear androgen-receptor levels,
however, were significantly greater than those en-
countered with androstanediol treatment (Table II),
and histological evidence of glandular hyperplasia
was noted (Table I).

In castrated dogs treated with estradiol, cytosolic
and nuclear androgen-receptor content, as measured
by R1881 binding, very significantly increased over
levels found in control castrate animals (Table II). It
is well known that R1881 binds with high affinity to
both the androgen and progesterone receptors (17, 18);
in all other treatment groups, the steroid specificity
of R1881 binding was characteristic for an androgen
receptor (Table III). However, the relative binding
affinity of progesterone for R1881 binding sites in the
cytosol of estradiol-treated castrates was 72+±9% com-
pared with an average of 3% in the other treatment
groups (Table III). In our experience, the relative
binding affinity of progesterone for R1881 binding to
the androgen receptor in human and rat prostatic
cytosol is 2-3%, whereas the relative binding af-
finity to cytosol containing a progesterone-binding
molecule averages 36% (18, 19). Thus, these data sug-
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TABLE I
Histology and IVeight of Beagle Prostates at the Termination

of the Experi menital Period

Mean prostatic
Ntumber of weight (average

Grotip dogs Histology ±SEM)

Untreated intact
Young control 4 Normal 10.9+0.9
Young BPH 3 Glandular 22.3+2.1

hyperplasia
Old BPH 4 Cystic or glandular 32.2±+1.5

hyperplasia

Treated castrates
Control 4 Atrophy 2.3+0.4
Estradiol 5 Atrophy or squamous 6.7+0.4

metaplasia
Androstanediol 3 Normal 19.4±+1.8
Androstanediol plus 4 Glandular 40.9±+1.9

estradiol hyperplasia

gested that treatment with estradiol may have induced
a progesterone receptor in canine prostatic cytosol.
Indeed, induction of a progesterone receptor by
estrogen is well recognized in a variety of estrogen-
sensitive tissues (20-23). Moreover, this finding of a
putative progesterone receptor suggested that the

estimation of androgen-receptor content in estradiol-
treated animals as measured by R1881 might be
artifically high as a result of the presence of both
androgen and progesterone receptors. To resolve this
possibility, saturation analyses were performed using
[3H]R1881 alone or in combination with a 1,000-fold

TABLE II
Apparent Equilibrium Dissociation Constants and Quantities of R1881 Binding Sites

in Intact and Steroid-treated Castrate Beagle Prostates*

Cvtosol Nuclear extract

Group Affinity Binding sites Affinity Binding sites

Kd X 109 Af fmnollmg DNA Kd x 109 M fn2ollmg DNVA

Untreated intact
Young control 1.6±0.4 1,121*141t 4.4+0.2 2,096+364t
Young BPH 1.6+0.4 1, 159+74t 4.9+0.6 3,452 222 t
Old BPH 0.9+0.3 1, 152+264t 4.8+0.6 3,174±817t

Treated castrates
Treatment control 1.2±0.5 133±58§ 2.2±0.8 223±6§
Estradiol 1.1±0.2 1,242±259t" 2.5+0.3 1,138±111t4§
Androstanediol 1.8±0.1 1,529+333t 3.6+0.4 2,000±358t
Androstanediol plus

estradiol 2.2±0.2 1,503+ 1204 3.2+0.3 4,035±274 §

* Data are the mean±SEM. Apparent dissociation constant (Y(d) and receptor content were
determined by saturation analysis employing [3H]R1881 at 4°C for 24 h.
t Significantly different (P < 0.05) from the receptor content value of the untreated castrate
dogs as determined by analysis of variance.
§ Significantly different (P < 0.05) from the receptor-content value of the intact young
control dogs as determined by analysis of variance.
11 These values represent R1881 binding to both androgen receptor and progesterone recep-
tor. See text.
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TABLE III
Relative Biniding Affinity of Progesterone for R1881 Binding

in Ci tosol of Untreated Intact and Steroid-Treated
Castrate Beagle Prostates

Number of Relative binding
Group determinations affinitv*

Intact untreated
(young control, 4;
young BPH, 3;
old BPH, 3) 10 3±1

Castrate control 2 3±3
Castrate plus

estradiol 5 72±9t
Castrate plus

androstanediol 3 3+1
Castrate plus

androstanediol
plus estradiol 4 3±3

* Data are the mean±SEMof the number of determinations
described in this table.
I Significantly different (P < 0.05) from the other values.

molar excess of triamcinolone acetonide. At this
concentration, triamcinolone acetonide, a potent
synthetic glucocorticoid that binds with high affinity
to the progesterone receptor, inhibits binding of R1881
to the progesterone receptor without interfering with
the high affinity binding of R1881 to the androgen
receptor (19, 24). Because of limited availability of
tissue, only one determination using triamcinolone
acetonide was performed in prostatic tissue obtained
from castrated dogs treated with estradiol. The addition
of triamcinolone acetonide reduced [3H]R1881-binding
site concentrations by 57% in cytosol and 56% in
nuclear extract, yielding a "true" androgen-receptor
content of 404 and 435 fmol/mg DNA, respectively.
These values are approximately twice the mean value
of androgen-receptor content determined in castrate
control animals. In castrate animals treated with both
androstanediol and estradiol, the relative binding
affinity of progesterone (3+3%) gave no indication
for the presence of a progesterone receptor. This was
verified by simultaneous saturation analyses using
[3H]R1881 in the presence and absence of a 1,000-fold
molar excess of triamcinolone acetonide. The number
of binding sites in the absence and presence of tri-
amcinolone acetonide was similar for both cytosol
(1,691 and 2,195 fmol/mg DNA, respectively) and
nuclear extract (3,986 and 4,541 fmol/mg DNA, respec-
tively). Thus, prostatic androgen-receptor content as
measured by [3H]R1881 binding in castrate dogs
treated with both androstanediol and estradiol is an
accurate estimate of androgen-receptor levels. These
values demonstrate a highly significant enhancement

by estradiol of nuclear androgen-receptor content
over that measured in dogs treated with androstanediol
alone (Table II).

Estrogen receptor. High affinity estradiol binding
was demonstrated reproducibly in the cytosols and
nuclear extracts of all groups (Table IV). No differences
in the apparent dissociation constants were detected
between groups. In untreated intact dogs, no dif-
ferences in cytosol or nuclear extract estrogen-receptor
content were detected in any of the groups examined.
Cytosolic estrogen-receptor contents in all of the steroid-
treated castrate dogs were not different (Table IV).
In untreated castrate dogs or castrate dogs treated with
androstanediol, nuclear estrogen-receptor content was
low. Estrogen therapy, as might be expected, markedly
increased nuclear estrogen-receptor content over
levels observed in untreated dogs. However, the
nuclear estrogen-receptor content of those dogs treated
with both androstanediol and estradiol was similar
to the castrate control level (Table IV).

DISCUSSION

Shain and Boesel (11) have reported on the content
of cytosolic and nuclear androgen receptors in normal
and hyperplastic canine prostate. Because they found
no significant differences in either the cytosolic or
nuclear levels of androgen receptor, they concluded
that prostatic hyperplasia was not a consequence of the
proliferation of androgen receptors. Their studies,
however, compared the normal prostate of young
dogs with the classic hyperplasia of old dogs. In this
report, we too have been unable to find any significant
difference in the content of either nuclear or cyto-
plasmic androgen receptor in the normal prostates of
young dogs or hyperplastic prostates of old dogs. Al-
though the mean value of nuclear androgen-receptor
content in old dogs was higher than that observed in
young normal dogs, the marked variance of the receptor
measurements in the old dogs precluded statistical
significance. The reasons for this variance are unclear.
Testosterone secretion by the testes of old dogs is
decreased3 and receptor measurements may mirror
different stages in this decline in individual dogs.
Furthermore, prostatic tissue in the old dog is hetero-
geneous, containing areas of atrophy and hyperplasia
and areas of fluid-filled cysts. This increases the
likelihood of sampling different tissue types in dif-
ferent animals. However, BPH is recognized to develop
in young animals and has the histological character-
istics of a predominantly hyperplastic epithelium (6).
Consequently, young dogs with BPHprovide a model
for studying the disease in age-matched animals with
homogeneous prostatic tissue. Also, by using young

3L. Ewing. Personal communication
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TABLE IV
Apparent Equilibriumin Dissociation Cotnstant and Quantities of Estradiol Binlding Sites

in Unitreated Intact atnd Steroid-treated Castrate Beagle Prostates*

Cytosol Nuclear extract

Group Affinitv Binding sites Affinitv Bin(ling sites

Kd X 109 If fmlol/mllg DNA Kd x 10'.5M finoll/meg DNA

Untreated initact
Young control 0.5±0.3 2,830+975 1.1±0.2 844± 152
Young BPH 0.3+0.1 2,192+141 0.9+0.2 1,124+236
Old BPH 0.7±0.1 2,809+635 1.3+0.2 871±156

Treated castrate
Treatment control 0.5±0.1 1,062-+-632 0.6±0.0 766±2
Estradiol 0.5±0.2 1,597+357 0.6±0.1 2,251±299t
Androstanediol 0.2+0.1 2,044+63 0.5±0.1 447±282
Androstanediol plus

estradiol 0.7±0.2 1,627+430 1.2±0.3 621±+102

* Data are the mean±SEM for at least three independent determinatiolns except for the
castrate control group that consisted of two determinations. Apparenit dissociation constant
(Kd) and receptor content were determined by saturation analysis employing [3H]estradiol at
300C for 20 h.
t Significantly different (P < 0.05) from the receptor-content value of the castrate control
dogs as determined by analysis of variance.

dogs with BPH, one is able to investigate the disease
at an active stage in its development (6).

The content of cytosolic androgen receptor in young
normal and young hyperplastic prostates was not
different. However, the content of prostatic nuclear
androgen receptor was significantly greater in young
dogs with prostatic hyperplasia than in age-matched
animals with normal prostates. Similarly, castrate dogs
treated with both androstanediol and estradiol in which
prostatic hyperplasia was induced also showed an
increase in nuclear but not cytosolic androgen-receptor
content. Conversely, castrate young dogs that had been
treated with androstanediol alone, and whose prostates
were histologically normal, demonstrated androgen-
receptor levels similar to those found in the intact
normal prostate. Thus, an increase in nuclear but not
cytosolic androgen-receptor content accompanies the
occuirrence of prostatic hyperplasia in the young dog.

Steroid hormones are believed to act only in the pres-
ence of specific receptor molecules and to exert their
major influence within the nucleus (25). Clark et al.
(26) have stated that in the rat uterus true growth
only occurs in the presence of and after a specific
retention period of the nuclear steroid-receptor com-
plex. Webelieve that elements of the above concepts
are operational in the canine prostate. Because the
cytosol is both the site of origin of the receptor and
the major destination of receptor leaving the nucleus
(25, 27), then the constant cytosolic level of androgen
receptor in the face of an elevated nuclear level of
androgen receptor in hyperplastic prostates indicates

nuclear accumulation of the steroid-receptor complex.
This may be the result of increased cytoplasmic syn-
thesis of receptor and subsequent nuclear transloca-
tion or a normal rate of production with decreased
processing, thereby leading to nuclear accumulation
(28, 29). In either case, the level of nuclear androgen
receptor appears to correlate with the development of
prostatic hyperplasia because in both spontaneously
arising and experimentally induced prostatic hyperplasia
nuclear androgen-receptor content was elevated, whereas,
in intact animals with normal prostates and androstanediol-
treated animals with histologically normal prostates,
nuclear androgen-receptor content was not elevated.
Thus, elevated nuclear but not cytosolic androgen-
receptor content not only accompanies the develop-
ment of canine prostatic hyperplasia, but may play a
direct role in the pathogenesis of this entity.

The development of BPH and the presence of
elevated nuclear androgen-receptor content cannot,
however, be viewed solely as the result of prolonged
androgenic stimulation. Castrate dogs treated for 4 mo
with androstanediol neither developed prostatic hyper-
plasia nor accumulated elevated levels of prostatic
nuclear androgen receptor. The addition of estradiol
to androstanediol therapy, however, uniformly resulted
in both the development of BPHand increased nuclear
androgen-receptor content. Estradiol, thus, appears to
be able to enhance the androgenic activity of andro-
stanediol. The mechanism of this interaction, how-
ever, is unclear. Moore et al. (13) have demonstrated
that estradiol treatment of castrate dogs results in a
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twofold inerease in cytosolic androgen-receptor
content. Based on this observation, they have speculated
that enhanceinemet of androgen-receptor activity may be
responsible for estradiol-androstanediol synergism in
experimentally induced prostatic hyperplasia. This
paper supports and expands this concept. In this study
we have demiionstrated that treatment with estradiol
and androstaniediol produces a twofold increase in the
content of nuclear androgen receptor over that achieved
by treatInent with androstaniediol alone, and that this
increase in receptor content correlates well with the
developmenit of prostatic hyperplasia. Consequently,
estrogeni-iinduced augmenitation of androgen-receptor
content may explain the anidrogen-estrogein synergismii
in the experimental induction of BPH. Whether
estrogens may play a similar role in the induction of
the spontaneous disease remiains to be determined.

Insight into the mechanism of action of estrogen
in the canine prostate has been aided by the identifica-
tion of a specific estrogen receptor (10). In this study,
we have demonistrated that treatmiient of castrates with
estradiol results in an increase in both cytosolic and
nuclear estrogen-receptor content and in the appearance
of a cytosolic progesterone receptor. The latter finding
has also beeni reported recenitly by Dube et al. (30).
Furthermore, estrogen prodtuces a marked chatnge in
the morplhological organization of the prostate fromii
a predominantly atrophic epithelium to one character-
ized by s(luamiious metaplasia and fibromutseular stroma.
When castrate dogs are treated with both estradiol and
androstaniediol, there is enhanced androgenic activity
with a simnultaneous inhibition of estrogenic expression.
Thus, ntclear androgen-receptor content is sharply
elevated in associationi wvith imarked hyperplasia of the
epitheliumn and, in the presence of these increased
androgenic events, there is a reduction in nuclear
estrogen-recep)tor content (from levels preseint in estra-
diol-treated castrates), disappearance of the progesterone
receptor, and loss of s(quanmous imetaplasia. The ability
of androgen to block these estrogen-induced events
has been demiionstrated in other species. Treatment
with androgenis can block estrogen-induced increases
in nuclear estrogen-receptor content in rat uterus
(31) and estrogen inductioni of the progesterone receptor
in the hamiister kidney (32). These data stuggest that a
negative feedback mechanismii may exist in which
certain respoinses of the caninle prostate to estrogen
may be modulated by rising levels of androgen.

This paper demonstrates that increased nctlear
androgen-receptor content is a characteristic of both
spontaneously occurring aind experimentally indtuced
caniine prostatic hyperplasia. Furthermore, in the
experimentally induced disease, the administration of
estrogen increases nuclear androgen-receptor content
that appears instrumnenital in the developmiienit of pros-
tatic hyperplasia. Moore et al. (33), uising a similar

experimental protocol, demonstrated increased tissue
levels of dihydrotestosterone in the prostates of dogs
with experimentally induced BPHand suggested that
the accumulation of this androgen is the cause of canine
prostatic hyperplasia. They, however, were unable to
postulate a receptor mechanism as the mode of dihydro-
testosterone action because the levels of dihydro-
testosterone that they demonstrated were higher than
those that would be expected to saturate androgen re-

ceptors (33).
However, using their value for dihydrotestosterone

contenit in experimentally induced BPH (castrate
animclals treated with 75 mg of androstanediol and
0.75 mig of estradiol/wk, 4.4 ng/g or 15,200 finol/g) acnd
converting our values for total cytosolic and nuclear
androgen-receptor content of similarly treated animals
to femtomoles per graim of tisstue (13,200 fmol/g), we
find an allmost equimiolar content of dihydrotestosterone
and androgen receptor. Thus, although it remains to be
determined whether accuilmtlation of dihydrotestos-
terone or increased androgen receptor is the primary
event in the induction of canine BPH, it seems clear
that 1)oth factors, acting together, play an important
role in the developmenit of this disease.
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