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ABSTRACT

Although steroid hormones are known to play a predominant role in
the regulation of cell growth in hormone-sensitive cancers, their mecha
nisms of action, especially their interaction with growth factors and/or
growth inhibitors, is poorly understood. \Ye have recently observed that
the effects of androgens and estrogens on the expression of the major
protein found in human breast gross cystic disease fluid, protein-24, are
opposite to their respective action on cell proliferation in human breast
cancer cell lines. Somewhat surprisingly, the recent elucidation of the
amino acid sequence of this progesterone binding protein reveals that this
tumor marker is apolipoprotein D (apo D), a member of a superfamily of
lipophilic ligand carrier proteins. The present study was designed to
determine whether apo D is secreted by human prostate cancer cells and
could thus be a new marker of steroid action in these cancer cells, and
whether the sex steroid-induced stimulation of apo D secretion coincides
with inhibition of cell proliferation. We took advantage of the biphasic
pattern of the effect of steroids on the proliferation of the human prostate
cancer LNCaP cell line, which offers the opportunity to discriminate
between positive and negative steroid receptor-regulated cell growth
processes. A 10-day exposure to low concentrations of dihydrotestoster-
one and testosterone caused a potent stimulation of LNCaP cell prolif
eration, whereas incubation with higher concentrations of these androgens
led to a progressive decrease in cell proliferation towards basal levels.
The biphasic action of androgens was also observed on apo D secretion,
the effects on apo D secretion being inversely related to their action on
LNCaP cell proliferation. Similar opposite biphasic effects were also
observed with 9 other steroids, thus indicating that the stimulation of
secretion of this new biochemical marker coincides with inhibition of cell
proliferation in LNCaP human prostatic cancer cells.

INTRODUCTION

Steroid hormones are well recognized to play a predominant
role in the regulation of cell growth in hormone-sensitive can
cers (1, 2), which account for 33% of all cancers in humans (3).
The availability of biochemical markers for establishing prog
nosis and monitoring the response to endocrine manipulation
could offer useful tools in the therapy of prostate cancer, which
is the most frequent cancer in men (3, 4). We have recently
observed that the major protein found in human breast cystic
disease fluid, namely GCDFP-24,1 is a new and sensitive marker

of androgen and estrogen action in human breast cancer cells
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(5). In fact, we have found that the estrogenic stimulation of
ZR-75-1 and MCF-7 human breast cancer cell proliferation is
accompanied by a decrease in the secretion of GCDFP-24 (5).
Furthermore, in ZR-75-1 cells, exposure to the androgen DHT
stimulates GCDFP-24 release while the same treatment de
creases cell proliferation (5).

The glycoprotein GCDFP-24, which possesses some proteo-
lytic activity (6, 7), was first identified for its binding affinity
for progesterone as well as for the steroid precursor pregneno-
lone (8-10). Moreover, the concentration of this steroid-binding
protein in breast tumor cytosol is higher in well-differentiated
carcinomas compared with more aggressive, poorly differen
tiated tumors (11), and may thus be considered as a marker of
malignancy of breast cancer. Surprisingly, recent elucidation of
the primary structure of GCDFP-24 reveals that this protein is
apo D (12), a protein component of HDLs in human plasma
that accounts for about 5% of total HDL (13-16). Apo D forms
an active complex with LCAT (17, 18) and is recognized to
play a role in the efflux of cholesterol from peripheral tissues
and its transport to the liver for catabolism. Apo D shares no
sequence similarity with other apolipoproteins but shows exten
sive structural homology with members of a superfamily of
lipophilic-ligand carrier proteins (14, 15, 19-25). In fact, Apo
D has been recognized to bind cholesterol and cholesteryl esters
(14-16, 18) as well as pregnenolone and progesterone as inde
pendently found for GCDFP-24 (8-10, 26) and is thought to
act as a carrier for these compounds. Despite the suggested
major importance of its biological role, the information on the
regulation of apo D expression is limited to our recent dem
onstration of the antagonism between estrogens and androgens
on the regulation of its secretion in human breast cancer cell
lines (5).

To better understand the control of apo D expression and its
association with cell proliferation in hormono-sensitive cancer
cells, the present study was designed to assess the possibility
that apo D is expressed in human prostate cancer cells, thus
representing a potential new marker of steroid action in these
cells and whether the stimulation of apo D secretion in these
cancer cells coincides with inhibition of cell proliferation. For
this purpose, we have investigated the regulation of apo D
secretion by sex steroids in LNCaP cells (27-30), the most
widely used in vitro model of human prostate cancer, which
offers the opportunity to discriminate between positive and
negative sex steroid-modulated cell growth processes.

MATERIALS AND METHODS

Maintenance of Stock Cell Cultures. All media and supplements for
cell culture were obtained from Sigma Chemical Co. (St. Louis, MO)
except for FBS, which was from Hyclone (Logan, UT). The LNCaP
human prostatic cancer cell line (derived from a fast-growing colony of
a lymph node carcinoma) (27) was obtained from the American Type
Culture Collection at passage 19. Cells were routinely cultured in RPMI
1640 supplemented with 15% FBS, 2 mivi i ululammo. 1 mM sodium
pyruvate, 10 1U penicillin/ml, and 50 ug streptomycin/ml in a water-
saturated atmosphere of 95% air:5% CO2 at 37Â°C.Cells were subcul-

tured weekly by digestion in a solution of 0.1% pancreatin in N-2-
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hydroxyethyl-piperazine-Ar'-2-ethanesulfonic acid buffer containing 3

HIMEDTA (pH 7.2).
Studies of Cell Proliferation. LNCaP cells harvested in their logarith

mic growth phase were plated on poly-L-lysine-treated 24-well plates at
a density of 2 x IO4cells/well in RPMI 1640 containing 2% dextran-
coated-charcoal-treated FBS. After 1 day in culture, the medium was
changed and the indicated concentrations of steroids were added to
triplicate dishes. Cells were grown for 10 days with medium changes
every 48 h.

At the end of the incubation period, cells were harvested by enzymatic
digestion with 0.1% pancreatin and cell number was determined by
measurement of DNA content by a modification of the method of
Fiszer-Szafarz et al. (31). Medium was carefully removed from the
dishes, and 150 M' of methanol were added. Plates were left to dry at
room temperature and were then processed immediately or frozen until
assayed. Salmon testicular DNA was used as standard in solutions
containing 0.5-15 ng DNA/tube in l M NH4OH. Charcoal-treated 3,5-
diaminobenzoic acid reagent (200 pg/m\) was added (150 /il) to stand
ards and dishes containing dried fixed cells. The reaction was carried
out for 60 min at 60Â°Cbefore cooling on ice and dilution with 1.5 ml

1.0 N HC1. Fluorescence was measured with an LS2B Perkin-Elmer
(Norwalk, CT) filter fluorimeter (excitation, 408 nM; emission, 510
nM) as described previously (5).

Apo D (GCDFP-24) Radioimmunoassay. Although it has been une
quivocally demonstrated that GCDFP-24 corresponds to Apo D (12),
the specificity of our radioimmunoassay has been assessed using puri
fied human GCDFP-24 and polyclonal antibodies raised in rabbits
against this antigen (5, 9-11) as well as monoclonal antibodies 4E11
and 5G10 raised against human apolipoprotein D (32) and kindly
provided by Dr. Yves L. Marcel, Laboratory of Lipoprotein Metabo
lism, Institut de Recherches Cliniques de Montreal, Quebec, Canada.
Samples of 500 ng of purified GCDFP-24 (10) protein were size-
separated on a 5-15% polyacrylamide gel (1.5 mm thick) and trans
ferred to nitrocellulose filters as described (33). Bethesda Research
Laboratories protein weight markers were used for estimation of mo
lecular size. The blots were then treated with wash solution [5% fat-
free-milk (Carnation), BSA (2 mg/ml), and 0.1% Nonidet P-40 in
phosphate-buffered saline] 3 times at 30 min and incubated with a
1:2000 dilution for 18 h at 4Â°Cof rabbit polyclonal antibodies raised

against GCDFP-24 and with a 1:5000 dilution of mouse monoclonal
antibody 5G10 or 4E11 raised against purified human apo D (32). The
blots were washed 3 times for 30 min and incubated for an additional
4 h at 4Â°Cin a 1:1000 dilution of '"I-labeled goat anti-rabbit IgG or

donkey anti-mouse IgG. After washing in the same solution, autoradi-
ography was performed at 80Â°Cwith intensifying screens and XAR-5

films. As illustrated in Fig. 1, the polyclonal anti-human GCDFP-24
and the monoclonal antibody anti-human apo D recognized the purified
GCDFP-24 identically, thus confirming the specificity of polyclonal
antibodies used in our RIA as well as the purity of the purified GCDFP-

24 (apo D) preparation.
Secreted apo D was measured in duplicate incubation media by a

specific RIA as described previously for GCDFP-24 (5). The amounts
of apo D released into medium during the last 48 h of the indicated
incubation periods were determined using 100-200 ^1 cell culture
medium, 40,000 dpm 125I-labeledGCDFP-24 (apo D; specific activity,
50 MCi/Mg), and rabbit anti-GCDFP-24 (apo D) diluted to a final
concentration of 1:350,000 in 6% normal rabbit serum in phosphate-
buffered saline plus 0.05 M sodium EDTA, pH 7.1, in a final volume
of 500 n\. Nonradioactive reagents were added at the start of the
reaction and then incubated overnight at 22Â°C.Thereafter, '"I-Iabeled
apo D was added and incubated for another 24 h at 22Â°C.The reaction

was stopped using 100 /<! of a 1:10 dilution of goat antirabbit IgG
serum in phosphate-buffered saline-0.05% Tween 40 plus 500 p.\ poly
ethylene glycol 8000. After a 15-min incubation, the tubes were centri-
fuged at 2000 x g for 15 min. Radioactivity in the pellet was counted
in a multiwell type gamma spectrometer with 55% efficiency.

Specific Uptake of |3H]R1881 by LNCaP Cells. The relative binding
affinity of steroids for androgen-specific binding sites was assessed by
measuring the effect of increasing concentrations of competitor on the
uptake of [-"HJR1881 by LNCaP cells in monolayer culture. Cells were
plated in 24-well plates at a density of 1 x IO5cells/ml in RPMI 1640

supplemented with 2% dextran-coated charcoal-FBS 48 h before the
assay. Growth medium was then replaced with 0.5 ml of phenol red-
free Dulbecco's modified Eagle's medium containing 0.1 % (w/v) BSA
(fatty acid-free) and 3 nM [3H]R1881. Triamcinolone acetonide (4.5
UM)was added for measurement of ['H]R1881 uptake to block binding

of the tracer to the progesterone receptor as described previously (34).
The indicated concentrations of competitors were added to triplicate
dishes and the concentrations of the stock solutions in ethanol were
adjusted to achieve a final concentration of 0.1 % ethanol in the incu
bation medium. Incubation at 37Â°Cwas stopped after 1 h, and the

uptake of radioligand was measured with slight modifications of a
method already described (35). Specifically, since LNCaP cells do not
adhere well to the dishes, medium and cells were removed and placed
in 3 ml of ice-cold stop buffer (5 mM Na2HPO4-NaH2PO4, pH 7.4;
10% v/v glycerol; 250 mM sucrose; 0.5% w/v BSA; fatty acid-free).
After centrifugation (400 x g, 10 min), the pellet was washed in 3 ml
of stop buffer, allowed to dry, resuspended in 1.0 ethanol, and trans
ferred to a scintillation vial. The apparent dissociation constant and
the number of androgen-specific binding sites per cell were estimated
using Scatchard analysis by adding increasing concentrations of
[3H]R1881 to triplicate dishes, plus or minus a 200-fold excess of

unlabeled R1881 to account for nonspecific uptake, in the presence of
4.5 MMtriamcinolone acetonide.

Calculations and Statistical Analyses. RIA data were calculated using
a program based on model II of Rodbard and Lewald (36). Dose-
response curves and EC50 and IC50 values were calculated using a
weighted iterative nonlinear least squares regression (37). Statistical
significance was determined according to the multiple range test of
Kramer (38). All data are presented as the means Â±SEM, except where
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Fig. 1. Immunoblot analysis of human GCDFP-24 (apo D) protein. Purified
human GCDFP-24 isolated from human breast gross cyst fluid was size-separated
on a 5-15% polyacrylamide gel and then transferred to nitrocellulose filter. The
blot was incubated with rabbit polyclonal antibodies raised against GCDFP-24
(5, 9-11) (Lane 1) or with mouse monoclonal antibodies 5G10 (Lane 2) and
4E11 (Lane 3) raised against purified human apo D (32). GCDFP-24 (apo D)
protein was revealed using 125I-labeled goat anti-rabbit IgG (Lane 1) or 12!I-
labeled donkey anti-mouse IgG (Lanes 2 and 3). Autoradiography was performed
at -80'C.
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Fig. 2. Effectof increasingconcentrations of DHT. P, E2,or dexamethasone
(DEX) on the proliferation (A) and apo D secretion (A) in clone 3 of LNCaP
human prostatic carcinoma cells. Three days after plating, cells were incubated
for 10 days with the indicated concentrations of steroids. Media were changed
ever>secondday.At the end of the incubationperiod,cellnumberwasdetermined
by measurement of DNA content while apo D release during the last 48 h ofincubationwas measuredby RIA, as describedin "Materials and Methods." The
data are expressedas the means â€¢SEM of data obtained from triplicate dishes.
When SEM overlapswith the symbolused,only the symbolis shown.
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Fig. 3. Opposite effectsof active androgens on cell proliferation (A) and on
apo D secretion (B) in LNCaP human prostatic cancer cells. Three days after
plating, cells were incubated for 10 days with the indicated concentrations of
DHT or T. Media werechanged everysecond day. At the end of the incubation
period, cell numberwasdeterminedby measurementsof DNAcontent whileapo
D releaseduring the last 48 h of incubationwas measuredby RIA. The data are
expressedas the means Â±SEM of triplicatedishes.When SEM overlapswith the
symbolused, only the symbolis shown.

SEM overlaps with the symbol used; in such instance, only the symbol
is illustrated.

RESULTS

We first studied the effect of the nonaromatizable androgen
DHT, P, E2, and the synthetic glucocorticoid dexamethasone
on cell proliferation (Fig. 2A) and apo D release (Fig. IB) in
clone 3 of LNCaP human prostate cancer cells. As illustrated
in Fig. 2/1, a 10-day exposure to 0.1 nM DHT caused a maximal
2.2-fold stimulation of cell growth, the EC50 being observed at
0.03 nM DHT. Incubation with DHT concentrations higher
than 0.1 nM, however, caused a progressive decrease in cell
number towards basal levels reached at 5 nM, the IC50 being
exerted at 0.22 nM (Fig. 2A). A similar biphasic pattern of
responsiveness to P and E2 was observed on LNCaP cell prolif

eration, with these 2 steroids inducing maximal 2.4- and 3.1-
fold stimulations of cell growth, at respective EC50 values of
0.3 and 1 nM, while exposure to concentrations higher than 1
nM P and 3 nM E2 led to progressive inhibition of cell growth
measured at IC50 values of 4.0 and 8.2 nM, respectively (Fig.
2A). It can also be seen in Fig. 2A that incubation with dexa
methasone caused a 2.0-fold stimulation of cell growth at 3 AIM,
with an EC50value of 600 nM, thus suggesting a low sensitivity
stimulatory effect of the glucocorticoid on the same parameter.

It is of special interest to see in Fig. 2B that the biphasic
action of steroids on apo D secretion is the opposite of their
effect described above on cell proliferation (Fig. 2A). In fact, as
illustrated in Fig. 2, the same concentrations of steroids that
caused a maximal increase in cell growth decreased apo D
release by about 40%. Moreover, whereas higher concentrations
of sex steroids caused inhibition of cell proliferation, the same
treatments led to maximal increase in apo D release of 3.2-,
2.2-, or 2.8-fold after incubation with DHT, P, or E2, respec
tively. The stimulatory effect of sex steroids on apo D secretion
was exerted at EC50 values of 0.25, 3.4, and 10 nM in LNCaP
cells incubated with DHT, P, and E2, respectively. Such findings
indicate that the sensitivity of the apo D response to sex steroids
in LNCaP human prostatic cancer cells is superimposable to
that on cell proliferation, yet inversely correlated.

We next compared the effect of increasing concentrations of
the active androgens (Fig. 3, A and B), of adrenal androgen
precursors (Fig. 4, A and B), as well as of androgen metabolites
(Fig. 5, A and B) on both cell proliferation and apo D secretion
in LNCaP human prostatic cancer cells. The active androgens
DHT and T elicited a biphasic action on the 2 parameters
studied with maximal 8.80 and 6.9-fold stimulations of cell
proliferation at a similar concentration of 0.3 nM (Fig. 3/4),
while simultaneously causing an approximately 60% decrease
in apo D secretion (Fig. 3Ã„).On the other hand, exposure to
concentrations of DHT and T higher than 0.3 nM caused a
progressive decrease in cell proliferation towards basal levels,
at an IC50 value of 0.8 nM for both steroids. Simultaneously,
apo D secretion was markedly stimulated at the same EC50
value of 0.8 nM towards a plateau reached at concentrations
above 3 nM.

As illustrated in Fig. 4A, a 10-day exposure to 5 nM A5-diol,
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Fig.4. Opposite effectsof adrenal precursor sex steroids on cell proliferation
(A) and apo D secretion(B) in LNCaP human prostaticcancercells.Three days
after plating, cellswere incubatedfor 10 days with the indicatedconcentrations
of A'-diol. V-dione. or DHEA. Media were changed every second day. At the
end of the incubation period, cell number was determined by measurement of
DNAcontent whileapo D releaseduringthe last48 h of incubationwasmeasured
by RIA. The data are expressedas the means Â±SEM of triplicate dishes. When
SEM overlapswith the symbolused, only the symbolis shown.
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Fig. 5. Opposite effects of androgen metabolites on cell proliferation (A) and
apo D secretion (B) in LNCaP human prostatic cancer cells. Three days after
plating, cells were incubated for 10 days with the indicated concentrations of 3fi-
diol. 3Â«-diol,or ADT. Media were changed every second day. AT the end of the
incubation period, cell number was determined by measurements of DNA content
while apo D release during the last 48 h of incubation was measured by RIA. The
data are expressed as the means Â±SEM of triplicate dishes. When SEM overlaps
with the symbol used, only the symbol is shown.
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Fig. 6. Competition of [3H]R1881 (3 nM) uptake by increasing concentrations
of unlabeled steroids. Cells were grown in RPMI 1640. and uptake of the
radiolabeled ligand was determined as described in "Materials and Methods" in

the presence or absence of the indicated concentrations of unlabeled competitor
steroids.

30 nM u4-dione, or l n\i DHEA (the highest concentration
tested) caused maximal 11.3-, 12.8-, and 5.3-fold stimulations
of cell proliferation. After maximal stimulation by A5-diol and
A4-dione, higher concentrations of the 2 steroids caused a
progressive inhibition of cell proliferation, the half-maximal
inhibition being achieved at 8.6 and 70 nM for A5-diol and A4-

dione, respectively (Fig. 4A). It can be seen in Fig. 4B that the
apo D response to the adrenal steroid precursors is also bi-
phasic, with a 60% maximal inhibition being observed at con
centrations of the respective steroids that yield maximal stim
ulation of cell proliferation. Moreover, in cells exposed to
higher concentrations of A5-diol and A4-dione, a maximal 2.6-
and 2.9-fold stimulation of apo D release was observed at EC50
values of 10 and 100 nM, respectively.

It is of interest to see in Fig. 5, A and A, that 3 main
metabolites of androgens, namely 3/i-diol, 3Â«-diol,and ADT,
also exerted a biphasic action on both cell proliferation and apo
D secretion. As illustrated in Fig. 5/4, a 10-day exposure to

maximal effective concentrations of 3/i-diol (1 nM), 3Â«-diol(30
nM), and ADT (300 n\i) caused 11.7-, 4.3-, and 10.0-fold
stimulations of cell proliferation at respective ECso values of
about 0.5, 15, and 150 nM, whereas higher concentrations led
to a progressive inhibition of cell proliferation towards basal
levels. In close agreement with the data obtained with the other
steroids tested, the sensitivity of the biphasic apo D response
to these androgen metabolites was superimposable to that ob
served on cell proliferation (Fig. 5, A and B). Furthermore, the
effect of 3/3-diol, 3Â«-diol,and ADT on the release of apo D as
observed for the 8 other steroids investigated in the present
study (Figs. 2-5), was inversely related to their respective action
on LNCaP cell proliferation.

As described above, the growth of LNCaP human prostatic
cancer cells is stimulated not only by active androgens, but also
by adrenal sex steroid precursors and androgen metabolites as
well as by low concentrations of progestagens and estrogens.
Since estrogen and progestagen receptors could not be detected
in these cells (39-43), we have investigated the ability of these
various steroids to interact with the androgen receptor in intact
LNCaP cells. Scatchard analysis of ['HJR1881 uptake by intact

LNCaP cells reveals that cells grown in the absence of steroids
for 2 days contain 62.4 x IO4 androgen-specific binding sites/

cell with an apparent dissociation constant of 1.0 nM (data not
shown). The relative binding affinity of steroids for androgen-
specific binding sites was next studied using the same uptake
method, and the values obtained (Fig. 6) were next compared
with the relative potencies of the same steroids on cell prolif
eration and stimulation of apo D release (Table 1). It can be
seen in Table 1 that the potency of all steroids to induce the 3
biological responses is in close agreement with their respective
affinity for the androgen receptor in LNCaP cells.

DISCUSSION

The present data clearly demonstrate that physiological con
centrations of the potent androgens T and DHT exert a biphasic
pattern of action on both apo D secretion and cell proliferation
in LNCaP human prostate cancer cells, the most widely used
and only hormone-sensitive in vitro model of human prostate
cancer. In addition, the present study shows that the biphasic

Table 1 Comparison between the relative binding affinity of steroids for the
androgen receptor and their relative potency as stimulators or inhibitors of cell

proliferation and apo D release in LNCaP human prostate cancer cells

SteroidDHTT3tf-DiolPAs-DiolE23Â«-DiolA4-DioneADTDexameth-asoneRelativebindingaffinity"1004143606.6241.50.70.6>0.1Relativeproliferarnepotency*10010030109.03.01.01.00.1>0.005Relativeantipro-liferativepotency'100100275.59.32.70.51.1-0.1tRelativestimulatorypotency
on

apo Drelease"*100100277.48.02.50.70.8-0.1e

"The relative binding affinity corresponds to the ratio (xlOO) between the
concentration of DHT and of tested steroid required to displace by 50% [3H]
R1881 uptake. The relative binding affinity value of R1881 is 145 (compared
with DHT set at 100%).

*â€¢cThe relative proliferate (ft) or antiproliferative (r) potencies correspond

to the ratio (xlOO) between the concentration of DHT and tested steroids needed
to cause EC50or IC!0 of cell proliferation.

d The relative stimulatory potencies on Apo D release correspond to the ratio

(xlOO) between the concentration of DHT and tested steroids required to cause
EC5oof apo D release.

' â€”,no effect within the range of concentrations tested.
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action of T and DHT as well as that of the main androgen
precursors and metabolites on LNCaP cell proliferation is
opposite to the effect of the same steroids on apo D secretion,
the stimulation of the apo D secretion being always associated
with an inhibition of cell proliferation. Such an opposite action
of sex steroids on apo D secretion and cell proliferation is in
agreement with our previous demonstration that the action of
androgens and estrogens on apo D secretion is inversely related
to cell proliferation in ZR-75-1 human breast cancer cells (5).
Coupled with the observation that the concentration of apo D
(GCDFP-24) in breast tumor cytosol is much higher in well-
differentiated compared with poorly differentiated carcinoma
( 11), the present data and those obtained in human breast cancer
cells raise the possibility that apo D is associated with modu
lation of cell proliferation, more specifically inhibition of cell
growth and/or tumor regression. Apo D expression could well
be a marker of inhibition of hormone-induced cell proliferation.
In fact, the secretion of this protein is stimulated by concentra
tions of DHT greater than 3 nivithat induce a marked inhibition
of cell cycle kinetic parameters measured by flow cytometry,
including the distribution of cells in the S and G2 + M fractions
as well as the proportion of cycling cells.4

The present study provides the first demonstration that apo
D is secreted by a human prostate cancer cell line. In agreement
with this observation, the preliminary study of Mazoujian and
Haagensen (44) reported the immunocytochemical detection of
GCDFP-24 (apo D) in 5 of 8 cases of prostate adenocarcinoma.
Apo D is thus one of the rare androgen-responsive biochemical
markers in the human prostatic carcinoma cell line LNCaP,
the others being prostatic acid phosphatase (45), prostate-
specific antigen (46), and the epidermal growth factor receptor
(29,41).

Much evidence indicates that the biphasic effect on the reg
ulation of LNCaP cell proliferation and apo D secretion in
duced by the potent androgens T and DHT; the adrenal andro
gen precursors DHEA, A5-diol, and A4-dione; the androgen
metabolites ADT, 3/3-diol, and 3Â«-diol;as well as by E2 and
progesterone are mediated through interaction with the andro
gen receptor: (a) the relative binding affinities of all these
steroids show a close correlation with their respective potencies
as stimulators or inhibitors of LNCaP cell proliferation as well
as stimulators of apo D secretion (Table 1); and (b) estrogen,
progesterone, and glucocorticoid receptors were not detected in
LNCaP cells by classical binding studies or by immunocyto
chemical assay with specific monoclonal antibodies raised
against the estrogen or progesterone receptors (39, 41-43). In
fact, in agreement with the present data, it has recently been
demonstrated by another group while the present work was in
progress that the decrease in steroid binding specificity of the
LNCaP androgen receptor, especially for estrogens, progester
one, and antiandrogens is due to a point mutation that changes
the sense codon 868 (Thr to Ala) in the ligand binding domain
(43).

The present study demonstrates that the potent mitogenic
action of A5-diol and 3/i-diol in LNCaP cells as well as their

inhibitory effect on apo D secretion in the same cells are exerted
at low concentrations, which are within the range of plasma
levels measured in adult men. However, the effects of DHEA,
A4-dione, 3a-diol, and ADT on these parameters are exerted at

high and probably pharmacological concentrations. Although

part of the effect of all these adrenal androgen precursors and/
or androgen metabolites could be explained by their direct
interaction with the androgen receptor, it is likely that part of
their action is due to their conversion into the androgens T
and/or DHT via several steroidogenic pathways including the
following: A5-diol into T and 30-diol into DHT by the action
of 30-hydroxysteroid dehydrogenase (47, 48), A4-dione into T
by the action of 170-hydroxysteroid dehydrogenase (49), 3a-
diol into DHT by the action of 3<*-hydroxysteroid dehydroge
nase, ADT into DHT by the combined action of 3a-hydroxy-
steroid dehydrogenase and 17/3-hydroxysteroid dehydrogenase,
and DHEA into T by the combined action of 30-hydroxysteroid
dehydrogenase and 17^-hydroxysteroid dehydrogenase. In
agreement with these proposed mechanisms of action, we have
recently observed that LNCaP cells possess all the above-
mentioned steroid-metabolizing activities (50). The formation
of active androgens in peripheral target tissues, such as the
prostate, where the steroids exert their activity, has been re
ferred to as intracrine activity or intracrinology (51). This
terminology was first coined to describe the formation of T and
DHT from the adrenal precursors DHEA and A4-dione in the

orchidectomized rat model (52).
Although apo D does not share sequence similarity with

other known apolipoproteins, this protein is a member of the
02-microglobulin superfamily, which includes relatively small
proteins (M, \ 7,000 to 25,000) and shares common structural
motifs (14-15, 19-25 and references therein) with transporters
of small hydrophobic molecules. In the human plasma, apo D
is complexed with LCAT and apo A-l, thus suggesting its
involvement in cholesterol esterification and/or in transport of
substrates or products of the reaction (18, 19). Almost all
plasma LCAT is found associated with apo D (16).

It has recently been suggested that apo D could play a local
paracrine role in the distribution of its ligand, or between cells
and HDL in the circulation in tissues in which cells are not
directly exposed to HDL from the circulation (53). Such a role
of apo D could be involved in the biology of human breast and
prostate normal as well as tumoral tissues. The importance of
this role of apo D is also supported by the widespread tissue
distribution of apo D expression in several mammals (14, 44,
53-55). In the human, apo D expression has been detected at a
high level in the adrenal gland, ovary, placenta, kidney, pan
creas, small intestine, liver, and peripheral nerves (14, 44). Apo
D gene expression was also observed in the testis, spleen, skin,
and brain of the rhesus monkey (54). In addition, a widespread
tissue distribution of apo D was recently demonstrated in the
rabbit (53) and rat (55), where a high level of expression was
observed in the previously mentioned classical steroidogenic
tissues as well as in the lung, brain, spleen, and kidney. Our
demonstration of the marked regulation of apo D expression
by sex steroids is of special interest in view of the demonstration
of the high level of apo D expression in the adrenal gland,
ovary, testis, and placenta, thus suggesting a role of apo D in
steroidogenesis.
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