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ABSTRACT. The influence of androgen on prostate differen-
tiated cell function was investigated using primary cultures of
rat ventral prostate epithelial and stromal cells developed from
sexually immature animals (21 days of age). As a biochemical
marker of androgen action, total acid phosphatase activity,
which comprises both the secretory and lysosomal isoforms, was
measured. Testosterone increased total acid phosphatase activ-
ity approximately 2-fold in epithelial cell cultures. This increase
occurred only after the cessation of cell proliferation (i.e. upon
reaching a confluent monolayer). In contrast, stromal cells

showed no significant change in total acid phosphatase activity
in response to androgen. Polyacrylamide gel isoelectric focusing
of total acid phosphatase activity from epithelial and stromal
cell extracts revealed that secretory acid phosphatase activity
was localized exclusively in the epithelial cells while lysosomal
acid phosphatase activity was present in both cell types. Fur-
thermore, the androgen-induced increases in epithelial total acid
phosphatase activity were found to result from increases in the
secretory isoform (Endocrinology 127: 2009-2016, 1990)

SEX steroid hormones play an essential role in regu-
lating the development, growth, and cytodifferen-

tiation of the accessory sex organs in the reproductive
tract of a number of species (1-3). There has also been
considerable evidence from in vivo and in vitro tissue
recombinant experiments demonstrating a central role
for epithelial-stromal interactions in the embryonic de-
velopment of the prostate and other organs (for review,
see Ref. 4). In the developing fetal rodent, androgen
stimulation of the prostate (urogenital sinus) was shown
to be dependent solely on the presence of the androgen-
receptor positive urogenital stroma (4-6). Possession or
lack of androgen receptors (as in the Tfm mutant geno-
type) in the urogenital epithelium had no influence on
its ability to form prostate glandular structures. Cunha
(7) concluded that urogenital epithelial responses to an-
drogen are mediated via trophic factors emanating from
the androgen-sensitive urogenital stroma. However,
there is some evidence indicating that the urogenital
epithelium also may influence the inductive capability of

Received February 14, 1990.
Address requests for reprints to: Dr. Albert F. Clark, Department of

Biochemistry, Queen's University, Kingston, Ontario, Canada,
K7L3N6.

* This research was supported in part by grants from the Medical
Research Council of Canada (MT-2338 and MA-10212).

t Current Address: Department of Molecular Genetics, Biochemistry
and Microbiology, University of Cincinnati College of Medicine, Cin-
cinnati, Ohio 45267.

the urogenital stroma (8), albeit the mechanism is un-
known.

These studies have brought into question the cellular
role for the epithelial androgen receptor in prostate cell
function. Autoradiographic studies (9, 10) of androgen
binding sites in the rat urogenital sinus and postnatal
prostate have demonstrated two phases of androgen ac-
tion. In the fetal urogenital sinus, nuclear uptake of
radioactive androgen was restricted to the stroma sur-
rounding the epithelium. In the postnatal prostate, ra-
dioactive androgen uptake by the epithelium increased
while that of the mesenchyme decreased, although in the
latter it was still present in significant quantities. This
suggested a role for the stroma in the development of
epithelial androgen receptor activity. Based on these
results, these investigators have proposed that fetal pros-
tatic morphogenesis and proliferation are stimulated by
androgen-activated stroma, and the functional differen-
tiation of the postnatal prostate epithelium is stimulated
directly by androgens. This is an interesting hypothesis
that warrants further investigation. At present however,
there is little evidence for direct androgen effects on
postnatal prostate epithelial and secretory cytodifferen-
tiation independent of stromal influences. Few studies
have characterized the effect of androgen on isolated
epithelial and stromal cells with regard to their expres-
sion of a biochemically defined andrpgen-dependent pro-
tein marker specific to the prostate, such as prostate-
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binding protein (11, 12) (also referred to as prostatein)
and acid phosphatase (AP) which is known to exist as
two distinct' molecular species; a secretory and a lysoso-
mal isoform (13). With regard to AP, its usefulness as
an androgen-dependent biochemical marker in the whole
rat ventral prostate has been demonstrated previously
(13-16). Preliminary studies from our laboratory have
demonstrated that primary cultures of rat ventral pros-
tate epithelial and stromal cells generated from immature
animals can exhibit differentiated cell functions, such as
androgen metabolism and AP activity (17).

In order to further characterize the influence of andro-
gen on postnatal prostate development using this cell
culture system, we have examined the effects of androgen
on AP activity (secretory and lysosomal) in primary
cultures of immature rat ventral prostate epithelial and
stromal cells. The results demonstrate that androgens
can directly modulate prostate epithelial cell function as
measured by its influence on AP activity independently
of stromal cells.

Materials and Methods

Animals

Experiments were performed using immature male Sprague-
Dawley rats (21-22 days old) obtained from Charles River
Laboratories Ltd. (Montreal, Quebec, Canada).

All animals were housed in a controlled environment: room
temperature 21 ± 2 C; normal atmospheric pressure and hu-
midity and a regulated lighting cycle (14 h light, 10 h darkness).
Tap water and Purina rat chow were available ad libitum.

Reagents

Sodium chloride, potassium chloride, sodium bicarbonate,
sodium dihydrogen phosphate monohydrate, sodium citrate,
citric acid, and anhydrous dextrose were of reagent grade and
obtained from Canadian Laboratory Supplies (Toronto, On-
tario, Canada). Acrylamide/bis (29:1) and riboflavin were ob-
tained from Bio-Rad Laboratories (Mississauga, Ontario, Can-
ada). Ampholines were purchased from Fisher Scientific Co.
(Toronto, Ontario, Canada). Hoechst 33258 stain was pur-
chased from Calbiochem-Behring (LaJolla, CA).

Collagenase-type IV (140 U/mg), beef pancreatic DNAse 1,
HEPES, Bes, Trizma Base, phenol red, insulin, transferrin,
retinoic acid, dexamethasone, p-nitrophenyl phosphate, a-
naphthyl phosphate, fast garnet GBC salt, L(+)- tartrate, and
highly polymerized calf thymus DNA were obtained from Sigma
Chemical Co. (St. Louis, MO). Percoll was purchased from
Pharmacia Fine Chemicals (Montreal, Quebec, Canada). Fetal
bovine serum, chicken serum, F12 medium (powder) without
sodium bicarbonate, DME medium (powder) without sodium
bicarbonate, and trypan blue exclusion dye were purchased
from Flow Laboratories Ltd. (Mississauga, Ontario, Canada).
Lyophilized penicillin (10,000 U/ml), streptomycin (10,000 /ug/

ml), fungizone (250 ^g/ml), trypsin (1:250 "Difco" certified),
and 0.05% trypsin- 0.02% EDTA solution were obtained from
Grand Island Biological Company (Grand Island, NY).

Preparation of primary cultures of prostate epithelial and stromal
cells

Primary cell cultures were established by enzymatic disso-
ciation of the ventral prostate lobes from immature rats (21-
22 days) as described previously (18). The resulting mixed cell
suspension was subjected to continuous isopycnic Percoll gra-
dient centrifugation to obtain epithelial- and stromal-enriched
cell fractions. The epithelial cells were further enriched by the
selective attachment procedure (19) which removed the re-
maining contaminating stromal cells. Based on cell morphology
determined by light microscopy, the epithelial and stromal cells
represent greater than 95% of the cells in their respective
fractions.

The epithelial- and stromal-enriched cells were resuspended
in F12/DME (l:l,vol/vol) culture medium supplemented with
10% fetal bovine serum, HEPES (20 mM), NaHCO3 (10 mil),
insulin (5 Mg/ml), transferrin (5 /ug/ml), testosterone (T) (50
nM) (when added), dexamethasone (50 nM), penicillin (100 U/
ml), streptomycin (100 Mg/ml), and fungizone (1 /ig/mU; pH
7.6 and maintained in a humidified incubator at 37 C in a gas
phase of 98:2 air to carbon dioxide ratio. The culture medium
was changed every 48 h.

Cultures of both cell types were monitored daily using a Leitz
(Wetzlar) inverted, phase-contrast light microscope. Repre-
sentative cultures were stained for AP activity or fixed in 100%
methanol for 5 min and stained with 2% Geimsa stain for 5-
30 min.

Quantification of AP activity

To determine the androgen-responsiveness of AP activity in
epithelial and stromal cell cultures, both cell types were placed
in plastic culture flasks (75 or 150 cm2) and incubated in the
absence and presence of T (50 nM). At selected time intervals,
cells were removed from the plastic culture dish surface with a
rubber scraper, centrifuged at 1000 x g for 5 min at 4 C in a
Sorvall refrigerated centrifuge (model RC-3B) and the super-
natant discarded. Cell pellets were resuspended in sodium
citrate buffer (0.1 M, pH 4.85, 4 C) and lysed by freezing and
thawing (2 times at -20 C) followed by sonication with a cell
sonic dismembrator (Artek Systems Corporation, Farmingdale,
NY) at an output control setting of 30 for 25 sec at 4 C.
Complete cell disruption was confirmed by light microscopy.
Aliquots were removed for DNA determination (20). The son-
icated material then was sedimented at 13,000 X g for 2 min in
an Eppendorf microcentrifuge (Fisher Scientific, Pittsburgh,
PA). The supernatants were collected and either diluted for
determinations of protein (21) and total AP activity or frozen
at -20 C in small aliquots before isoelectric focusing (IEF). No
significant decrease in activity was observed after 3-4 months
in storage. AP activity was assayed as described previously (13)
using p-nitrophenyl phosphate as substrate. Inhibition of AP
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activity by L(+)-tartrate was calculated as percent of the con-
trol AP activity. AP specific activity is expressed as micromoles
p-nitrophenyl phosphate hydrolyzed/h • mg DNA.

Polyacrylamide gel IEF of AP activity

Horizontal analytical IEF of AP enzymes was performed on
7.0% (wt/vol) polyacrylamide slab gels (pH range 4-8) prepared
as follows: the composition of the gels included 17.0 ml acryl-
amide-bis (29:1), ampholines: 1) 1.0 ml ampholine 4-6; 2) 1.5
ml ampholine 5-8; 3) 0.5 ml ampholine 7-9, 4.0 ml glycerol,
and 36.0 ml distilled water. The reagents were mixed after
addition of 0.2 ml riboflavin (2 mg/ml) and poured immediately
into the gel plate apparatus. The gels were polymerized by
fluorescent light.

The crude cytosol extracts were applied to the top of the gel
(anode) with thin strips of filter paper. The strips contained
approximately 50 /xl solution. The gels were electrophoresed for
2 h at 400 V followed by 2 h at 1000 V using a Brinkman power
supply unit (Brinkman Instruments, Inc. Westbury, NY) and
the LKB Bromma 2117 Multiphor Electrophoresis unit (Fisher
Scientific). The system was cooled to 0 C with a Lauda refrig-
erating unit model K-2/R (Brinkman Instruments, Inc.). The
anode and cathode electrolytes were 1.0 M H3PO4 and 1.0 M
NaOH, respectively. The ampholine pH gradient was deter-
mined by using the LKB 2117-111 Multiphor Surface pH
Electrode.

Localization of AP activity in the gels was achieved by
incubating the gel with a-naphthyl phosphate (1 mg/ml) and
fast garnet GBC salt (1 mg/ml) dissolved in 0.1 M sodium
citrate buffer (pH 4.85). The IEF gels also were stained in the
presence of L(+)-tartrate (1 mil). The gels were stained for 1
to 5 h at 22 C and then washed with distilled water followed by
storage in 1.0 N acetic acid. Gels were mounted on glass slides,
and densitometric scans of the AP bands were performed using
a Helena Quik-Quant scanner. Each peak was integrated and
calculated as a percentage of the density attributable to all
bands for each run. Variations in identical runs were less than
5% while variations between different scans varied by less than
10%.

Statistics

Data are presented as the mean ± SD of a minimum of three
determinations. Statistical analysis of data from experiments
comparing two separate groups (i.e.; control and test group)
was based on a two-sample Student t test (n < 30). Statistical
analysis of data from more than two groups was performed
using a one-way analysis of variance. Comparison of significant
differences between means was performed using the Neuman-
Keuls test at the 1.0% significance level.

Results

Effects of T on AP activity

The effect of exogenous T (50 nM) on total AP activity
in epithelial and stromal cell monolayer cultures as a

function of time is presented in Fig. 1. T had a negligible
effect on total AP activity in epithelial cells for the first
7 days in culture. This also was the period of rapid cell
proliferation regardless of the absence or presence of
exogenous androgen (our unpublished observations).
Upon reaching confluence, epithelial total AP activity
(expressed as micromoles of p-nitrophenyl phosphate
hydrolyzed per h/mg DNA) increased gradually from
approximately 14.0 ± 1.0 to 20.5 ± 1.9 (P < 0.001) in the
absence of T and to 28.7 ± 1.4 in the presence of T at 12
days in culture. In the presence of T, this increase was
greater (40.0%) than control cultures and was statisti-
cally significant (P < 0.001). In contrast, stromal cell
total AP activity values appeared to be slightly lower in
T-supplemented cultures although this difference was
not significant except on days 7 and 8 of culture. Overall,
in the presence of T (12 days), stromal cell AP activity
was approximately 58% of the level found in epithelial
cells.

The effect of L(+)-tartrate (14 mM), a known inhibitor
of AP, was assessed in both cell types with time in
culture. L(+)-Tartrate, at submaximal concentrations, is
known to markedly inhibit lysosomal AP (LAP) while
having a lesser effect on secretory AP (SAP) (22). The
results are presented in Fig. 2. At 2 days in culture, the
levels of percent inhibition of AP activity by L(+)-
tartrate were similar, being 52.5 ± 2.1% in epithelial cells
and 55.0 ± 1.0% in stromal cells. In epithelial cells, these
levels remained relatively constant for the first 7 days in
culture. After cell monolayer confluence, a sharp de-
crease in the percent inhibition of total AP activity by
L(+)-tartrate was observed at 10 days in culture in cells
incubated in the absence or presence of exogenous T.
These results indicate that epithelial cell total AP activ-
ity after 7 days in culture contains an increased relative
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FIG. 1. Effect of T on AP activity in rat ventral prostate epithelial
(A) and stromal (B) cells as a function of time in culture. AP activity
was measured in cell extracts isolated from cultures incubated in the
absence (—) and presence (+) of T (50 nM). Results are expressed as
the mean ± SD (n = 3).
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FIG. 2. Percent inhibition of AP activity by L(+)-tartrate in rat
ventral prostate epithelial (A) and stromal (B) cells as a function of
time in culture. The percent inhibition of AP activity by L(+)-tartrate
was measured in cell extracts isolated from cultures incubated in the
absence (-) and presence (+) of T (50 nM). Results are expressed as
the mean ± SD (n = 3).

amount of an AP component that is more resistant to
inhibition by L(+)-tartrate; presumably SAP. The per-
cent inhibition of AP activity, however, was slightly
lower (P < 0.05) in cells supplemented with exogenous
T. In contrast, stromal cells exhibited no significant
differences in the percent inhibition of AP activity by
L(+)-tartrate in control or treatment cultures through-
out the culture period, with the possible exception of day
8.

IEF of AP activity

To examine in greater detail the changes in total AP
activity in cultured cells, IEF of AP activity obtained
from cell extracts was performed on polyacrylamide gels.
As a preliminary experiment, IEF of AP activities from
whole ventral prostate extracts of immature (21-22
days), young adult (~65 days), and young adult rats
castrated 14 days previously was performed to allow a
comparison with the cultured cells. These results are
presented in Fig. 3. Tissue extracts from immature rats
show one major band of SAP activity [isoelectric point
(pi) 5.20 ± 0.05], an androgen-dependent AP band
(ADAP) (pi 6.20 ± 0.10), and one major LAP band
(LAPa, pi 7.00 ± 0.10) as well as one minor LAP band
(LAPb, pi 6.75 ± 0.07). Another minor band (LAPc, pi
6.60 ± 0.07) was observed occasionally after longer pe-
riods of staining. AP bands were labeled and identified
by their relative pi values and the use of AP inhibitor,
L(+)-tartrate as previously described (15). By compari-
son young adult ventral prostate showed increased stain-
ing of three bands of SAP below the most, anodic SAP
band. Because of the close proximity of the SAP bands,
it was not possible to consistently distinguish each SAP

SAP

ADAP

LAP

50

5-5

60

6-5

70
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-"7-5
FlG. 3. Distribution of whole rat ventral prostate AP activity on
polyacrylamide gels after horizontal IEF. Extracts of prostates (100 ng
DNA for each) from immature (lane 1), young adult (lane 2), and young
adult rats castrated 14 days previously (lane 3) were fractionated on
7% polyacrylamide gels with a pH gradient of 4-8.

band. In contrast, tissue extracts from young adults
castrated 14 days previously showed greatly decreased
SAP staining, although it did not disappear completely.
The ADAP band of activity was completely absent. Also,
the staining intensity of the minor LAPb band increased
slightly.

The IEF patterns of AP activity from epithelial cells
are presented in Fig. 4A. Lane 1 represents AP activity
from cell extracts of freshly isolated epithelial cells from
immature rat prostate. The AP banking pattern is similar
to that obtained using extracts prepared from whole
prostates of immature rats (see Fig. 3, lane 1). After 10
days in culture, epithelial cells grown in the absence
(lane 2) or presence (lane 3) of exogenous T (50 nM)
showed an increase in the number of SAP bands, al-
though they were difficult to distinguish individually.
Furthermore, cultures incubated with T (lane 3) showed
an additional increase in staining intensity of the SAP
and ADAP bands compared to the untreated cultures.
The cultured cells (lane 2 and 3) also showed one major
(LAPa) and two minor (LAPb and LAPc) bands of LAP
activity.

The IEF patterns of AP activity from freshly isolated
stromal cells are presented in lane 1 of Fig. 4B. Only
three bands of LAP activity were present, there being
one major (LAPa) and two minor (LAPb and LAPc)
bands. Cultures incubated in the absence (lane 2) or
presence (lane 3) of exogenous T for 10 days exhibited
similar AP patterns.

The results for epithelial and stromal cells showed that
the relative pi values of the AP enzyme forms appeared
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FlG. 4. Distribution of rat ventral epi-
thelial and stromal cell prostate AP ac-
tivity on polyacrylamide gels after hori-
zontal IEF. Cell extracts were obtained
from epithelial (A) and stromal (B) cells
freshly isolated from whole prostate cell
(100 ng DNA) suspensions (lane 1) or
from equivalent numbers (12 jug DNA)
of cultured cells (10 days) incubated in
the absence (lane 2) or presence (lane 3)
of T (50 nM). Extracts were fractionated
on 7% polyacrylamide gels with a pH
gradient of 4-8.
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to correspond with those found in whole normal AP
activity as secretory or lysosomal; AP activity in these
gels also was assayed in the presence of L(+)-tartrate (1
mM). This low concentration of L(+)-tartrate has been
demonstrated to selectively inhibit LAP activity in ex-
tracts from whole prostate (15, 23) on IEF gels when a-
naphthyl phosphate is used as substrate. To quantita-
tively assess the relative proportions of each AP band,
densitometric scans of the gels were performed. The
areas under the peaks were calculated and expressed as
percentages of the total AP activity under all peaks.

The densitometric scans of the IEF gel results for
epithelial cells cultured for 10 days are shown in Fig. 5A,
and the calculated percentage distribution of the AP
isozymes is presented in Table 1. Compared to untreated
cell cultures [Fig. 5A(1)], addition of exogenous T [Fig.
5A(2)] resulted in significant increases in SAP (39%)
and ADAP (150%) activity. The combined increase in
SAP and ADAP activity was approximately 49% (P <
0.01). This value corresponds with the 45% increase in
total AP activity in T-supplemented compared to unsup-
plemented cells at 10 days in culture (Fig. 2). When the
gels were stained in the presence of L(+)-tartrate [Fig.
5A(3)], the LAP bands were decreased preferentially.

The results for stromal cells are shown in Fig. 5B and

TABLE 1. Percentage distribution of rat ventral prostate epithelial and
stromal cell AP activities in bands observed on IEF gels

Cell type T SAP ADAP LAPb LAPc LAPa

Epithelial - 29.9 ± 3.0 2.7 ± 0.6
+ 41.6 ± 5.1 6.9 ± 0.6

4.4 ± 0.9 12.6 ± 0.4 50.4 ± 5.0
5.7 ± 0.8 11.5 ± 0.6 34.3 ± 6.3

In presence of L(+)-tartrate (1 mM)

+ 55.4 ± 2.7 17.5 ± 0.7 ND ND 28.1 ± 1.6
Stromal - ND ND 12.0 ± 2.4 23.2 ± 1.4 64.9 ± 2.0

+ ND ND 5.6 ± 2.0 16.7 ± 1.9 77.9 ± 2.5

In presence of L(+)-tartrate (1 mM)

ND ND ND ND 100.0

Epithelial and stromal cell cultures were incubated for 10 days in
the absence (-) and presence (+) of T (50 nM). The gels were stained
for AP activity in absence and presence of L(+)-tartrate-Results rep-
resent the mean ± SD (n = 3). ND, Not detected.

Table 1. In the presence of T [Fig. 5B(2)], small increases
(19.9%, P < 0.01) in the major LAPa band relative to
the other minor LAPb and LAPc bands were observed.
L(+)-Tartrate greatly decreased staining [Fig. 5B(3)] for
all the LAP bands, leaving only small amounts of LAPa
to account for the remaining AP staining.

Discussion

In the present study, ventral prostate epithelial cells
isolated from immature rats entered a rapid phase of cell
proliferation after being placed in culture in the absence
or presence of exogenous androgen. Those grown in the
presence of androgen proliferated at a slightly faster rate
as evidenced by a more rapid increase in DNA concen-
tration per culture dish area and by reaching confluency
approximately 1-2 days earlier (Orlowski, J., and A.
Clark, unpublished observations). Thus significant an-
drogen levels do not appear to be necessary although
they have some influence on the rate of cell proliferation.
The androgen levels as measured by RIA (24) in the
serum-supplemented media were low [0.06 nM T and 0.03
nM 5«-dihydrotestosterone (5a-DHT)]. Because of ac-
tive androgen metabolism by the epithelial cells in cul-
ture (17) and the fact that the media are changed only
every 48 h, the average androgen levels will be very low.
Upon reaching a confluent monolayer (7 days), there was
a cessation of DNA synthesis, and the cells appeared to
engage in a maturation process that culminated in in-
creased expression of AP activity. These observations
are similar to those found for adult canine prostate
epithelial cell cultures that were maintained in dialyzed
serum-supplemented culture medium (25-27).

These results now have been extended to show that
addition of supraphysiological concentrations of andro-
gen augment total AP activity in epithelial cell cultures
above that observed in unsupplemented cultures, but
only after cell proliferation has ceased. In the androgen-
deficient cultures, AP activity also increased after ces-
sation of cell proliferation but to a much smaller extent.
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FIG. 5. Densitometric scans of rat ven-
tral prostate epithelial (A) and stromal
(B) cell AP activity on polyacrylamide
gels after horizontal IEF. The scans rep-
resent AP activity obtained from cells
cultured in the absence (1) and presence
(2) of T (50 nM) for 10 days. Cells from
the latter samples were also stained in
the presence (3) of L(+)-tartrate (1 mM).
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It is possible that the low endogenous levels of androgens
in fetal bovine serum were sufficient to increase AP
activity. The addition of exogenous androgen then aug-
mented the expression of AP activity. This possibility is
supported by another study which demonstrated that
androgen-dependent genes, at least from the rat prostate,
are very sensitive to low levels of androgen (28). Alter-
natively, there is some evidence to indicate that nonste-
roidal regulators in serum may also play a role in prostate
cell differentiation and AP activity (29).

The differential control of prostate epithelial cell pro-
liferation and secretory function observed in culture
appears to correlate well with in vivo studies using cas-
trated adult rats injected with low or high doses of
androgen (15, 30, 31) and rats exposed to increasing
concentrations of endogenous androgen during sexual
maturation (16). In the former studies, low concentra-
tions of androgen induced SAP synthesis without causing
prostate enlargement. On the other hand, high concen-
trations of androgen promoted cell proliferation and
suppressed the full expression of SAP activity until the
size of the mature gland was restored. Rennie et at. (30)
have speculated that in the regenerating prostate, the
appearance of SAP may be controlled through binding
of androgen receptors to a finite number of specific
chromatin acceptor sites (~2000 per nucleus). As addi-
tional acceptor sites are filled by androgen receptors, cell
proliferation becomes the dominant response, and the

induction of proteins such as SAP is postponed until
after cell replication. This indicates a differential control
of androgen-dependent genes to induction by androgen
(i.e.;5«-DHT), and this mechanism may be related to the
concentration of androgen receptors or acceptors present
in the nucleus. It can be inferred from these observations
that the affinities of the nuclear acceptor sites associated
with the different genes for the androgen receptor are
probably not equal.

In the present study, IEF analysis of AP activity from
immature and adult rat ventral prostate or cultured
immature epithelial cells revealed that androgens stim-
ulated an increase in the number of SAP activity bands.
This accounted for the overall increase in total AP
activity. Increased SAP activity in epithelial cells was
correlated with a decreased percent inhibition of total
AP activity by L(+)-tartrate. This was due to the fact
that SAP is more resistant to inhibition by L(+)-tartrate
relative to LAP (15, 23).

While it was difficult to define the number of bands
in the cultured epithelial cells, the pi range of the SAP
bands corresponds to that found in whole tissue. Based
on a previous study (15), it has been suggested that
ADAP is a precursor for the most anodal SAP band and
that the latter is then a precursor for the other SAP
activities. Studies on human prostate AP activity (33)
have yielded results that have some similarities to the
studies using rat tissue. The results suggest that this
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biosynthetic interrelationship may also involve control-
ling the state of glycosylation of AP. Androgen control
of protein glycosylation has been shown previously for
rat epididymis (34). The results could be partially ex-
plained by interconversions of existing AP forms. How-
ever, the increase in total AP activity suggests an andro-
gen stimulation of AP synthesis. Our laboratory also has
evidence from in vivo studies involving the use of the
inhibitor of protein synthesis, cycloheximide (Downey,
J., and A. F. Clark, unpublished results), which supports
the existence of androgenic regulation at both the level
of enzyme synthesis and protein glycosylation. SAP,
therefore, is a sensitive marker of prostatic secretory
function. Also, the androgen-induced increases in SAP
activity relative to LAP activity suggest that androgens
are acting specifically on SAP synthesis and not stimu-
lating general cell protein synthesis. LAP activity, there-
fore, can serve as an internal control standard for andro-
gen-induced gene expression.

In contrast, stromal cell total AP activity did not
respond significantly to T or 5a-DHT. IEF studies of
stromal cell extracts revealed only the presence of three
bands of LAP; one major (LAPa) and two minor (LAPb
and LAPc) bands. These bands of AP activity were
confirmed as being lysosomal as determined by their pi
values and high sensitivity to inhibition by L(+)-tartrate.

The results indicate that androgens can directly influ-
ence the secretory function of postnatal prostate epithe-
lial cells independent of the stroma. Therefore, at this
stage of prostate development, trophic factors secreted
by stromal cells may not be involved directly or at least
are no longer required for specific androgen-regulated
gene expression in epithelial cells. This is consistent with
the previous suggestion based on morphological studies
(9, 10) that prostate development involves two phases of
androgen action; the first phase involves prostate mor-
phogenesis mediated by the androgen-activation of the
mesenchyme, and the second phase involves the func-
tional differentiation {i.e. SAP activity) of the postnatal
prostate epithelium by direct androgen stimulation.

In summary, it appears that there is a differential
androgen regulation of the various AP enzyme isoforms
at the level of enzyme synthesis and possibly at the level
of glycosylation. This cell culture system should provide
a unique opportunity for investigation of the mechanisms
involved in androgen-dependent processing of similar
secretory and lysosomal gene products. At present, stud-
ies on the androgen sensitivity of stromal cells are ham-
pered by the lack of an adequate biochemical marker. In
this regard, alkaline phosphatase activity in prostate
stromal tissue has been reported to be stimulated by
androgens (35). This may serve as a useful parameter of
androgen action in stromal cell cultures, although this
remains to be determined. In conclusion, changes in AP

characteristics can serve as a useful parameter of andro-
gen-mediated actions in rat ventral prostate epithelial
cell cultures.
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