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ABSTRACT

As a specific competitive inhibitor of 5a-reductase, an intracellular
enzyme that converts testosterone to dihydrotestosterone, finasteride is
being extensively used for the treatment of benign prostatic hyperplasia
and in experimental settings for prostate cancer. In this study, we showed
that finasteride markedly inhibited prostate-specific antigen (PSA) secre
tion and expression.

The promoter of the PSA gene contains several well-known cis-regula
tory elements. Among them, steroid receptor-binding consensus (SRBC)
has been identified as a functional androgen-responsive element. Our
previous study showed that PSA was not only present in conditioned
medium of the PSA-positive LNCaP cells but was also detectable in small
amounts in PSA-negative cell lines, PC-3 and DU-145 (L. G. Wang et ci,
OncoL Rep., 3: 911â€”917,1996). A strong correlation between binding of
nuclear factors to SRBC and the level of PSA present in the conditioned
medium and cell extracts was found in these three cell lines, whereas no
such correlation with binding was obtained using Spi oligonucleotide as a
probe. Binding of LNCaP cell nuclear proteins to SRBC was diminished
when the cells were exposed to 25 @tMfinasteride, at which concentration
50% of both PSA mRNA and protein were inhibited. As a major compo
nent of DNA-protein complexes, the level of androgen receptor was dra
matically decreased in the cells treated with finasteride.

Our data indicate that inhibition of complex formation between SRBC
and nuclear proteins due to the remarkable decrease in the bevel of
androgen receptor plays a key role in the down-regulation of PSA gene
expression by finasteride in LNCaP cells.

INTRODUCTION

As a specific competitive inhibitor of 5a-reductase, an intracellular
enzyme that converts testosterone to dihydrotestosterone, finasteride
is being extensively used for the treatment of BPH3 and in experi
mental settings for prostate cancer (1). Finasteride has no binding
affinity for androgen receptor sites and possessesno androgenic,
antiandrogenic, or other steroid hormone-related properties (1). How
ever, we and others have shown that finasteride exhibits growth
inhibitory effects on androgen-sensitive, PSA-positive LNCaP cells
and, to a much lesser degree, on the androgen-independent and the
PSA-negative cell lines: PC-3 and DU-145 in vitro (2, 3). To explore
the possible mechanism by which finasteride inhibits prostate cancer
cell growth, the effect of this agent on PSA expression was studied.

PSA is a glycoproteinwith chymotrypsin-,trypsin-, and esterase
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like activities (4, 5). Since it is produced almost exclusively by the
epithelial cells of the prostate, PSA has been used extensively as a
serum marker for diagnosis and prognosis of prostate cancer and asan
immunohistochemical marker for the identification of prostatic tissues
and cells in pathological specimens(6). Our previous study has shown
that PSA is involved in the growth stimulation of the androgen
responsive LNCaP cells (7). The regulation of PSA gene expression
by growth factors and hormones has been extensively studied (8â€”10).
The promoter region of the PSA gene contains several well-known
cis-regulatory elements, including a variant TATA box, a transcrip
tion factor Spi-binding site, a SRBC, and a CACCC motif (11, 12).
Among them, SRBC has been implicated as a functional androgen
responsive element (13). In this study, we showed that in LNCaP cells
finasteride significantly inhibits PSA expression and that this down
regulation of PSA expression by finasteride correlates with the inhi
bition of complex formation between androgen receptors and SRBC.
This decrease in complex formation can be accounted for by a
dose-related decreaseof the AR level in LNCaP cells after treatment
with finasteride.

MATERIALS AND METHODS

Reagents. Finasteride was a gift from the Merck Research Laboratory
through the courtesy of Dr. G. J. Gormley. PSA antibody was purchased from
theDAKO Corporation(Carpinteria,CA). Antibody againstAR, correspond
ing to aminoacids900â€”919mappingat the carboxybterminusof the AR of
human origin, anti-rabbit IgO-horseradish peroxidase, and protein agarose A
plus 0 were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA).
Tandem-E PSA, an immunoenzymetric kit for the quantitative measurement of
PSA levels, was obtained from Hybritech, Inc. (San Diego, CA). A Western
blotting detectionkit and [7-32P]ATPwerepurchasedfrom Amersham(Ar
lington Heights, IL). Reagents for SDS-PAGE and protein determination were
obtained from Bio-Rad (Richmond, CA). RPM! 1640 and FBS were obtained
from Life Technologies, Inc. (Gaithersburg, MD). Other chemicals for this
study were purchased from Sigma Chemical Company (St. Louis, MO).
Oliogonucleotidescontainingthe Spl site CAGGCICA0000CGGAGTCCT
(12) and SRBC OCAGAACAGCAAGTGCTAGC in the promoter of the PSA

gene(12, 14)weresynthesizedby Dr. R. Pergolizziin theBiopolymerFacility
of our hospital.

Cell Culture. The prostaticcarcinomacell lines LNCaP,PC-3, and DU
145 were purchased from the American Type Culture Collection (Rockville,
MD). Cells were cultured under conditions as described previously (7).

Determinationof PSA Secretion. The levelof the PSAsecretedinto the
medium was determined using a Tandem-E PSA immunoenzymetric kit ac
cording to the instructions provided by the manufacturer and by Western
blotting asdescribedbelow.

Western Blotting of Cellular Proteins and Medium. LNCaP cells at
65â€”75%confluence in RPMI 1640 containing 10% FBS were harvested and
washed with cold PBS once. Total cellular proteins were extracted as described
previously (15). One hundred p@gof cellular extracts or 50 @.dof culture
mediumfrom LNCaPcells,treatedwith variousconcentrationsof finasteride,
wereseparatedby 4%/l0% stackSDS-PAGE,electrotransferredto nitrocel
lulose filters, and immunoblotted with antibodies against PSA and/or AR,
respectively. Quantitation by densitometry of the X-ray films was done using
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DOWN-REGULATION OF PSA EXPRESSION BY FINASTERIDE

an Imaging DensitometerModel 05-700 (Bio-Rad Laboratories,Hercules,
CA).

Northern Blotting Assay. LNCaPcells grown to 65â€”75%confluence in
R.PMI 1640 containing 10% FBS were treated with varying concentrations of
finasteridefor 72 h. Thecellswereharvestedandwashedwith cold PBS,and
total RNA wasextractedusingthe guanidinium/phenolmethodasdescribed
previously (15, 16). RNA was quantitated spectrophotometrically, and 20 @g
aliquotswerefractionatedon 1.2%agarose-formaldehydegelsandtransferred
to Zeta-ProbeBlotting Membrane(Bio-Rad).The double-strandedPSA-spe
cific oligonucleotidepmbe (5'-AGCCFAGAGAAGGCTGTGAGCCAAGG
AGGGAGGGTCTFCC1TFGGCATGGGATGGGGATGAAGTAAGGAGA
GGGACT-3') describedby Young et aL (8), 5' end labeled,was usedfor
hybridization as described previously (15). Radioautographs were analyzed
using an Imaging Densitometer Model GS-700 (Bio-Rad) and normalized to
285 RNA.

MGSA. MGSA was performedas describedpreviously(15). Briefly, LN
CaPcells grown to 65â€”75%confluencein RPMI 1640containing10%FBS
were harvestedand washedoncewith cold PBS,and nuclearproteinswere
extractedin thepresenceofproteaseinhibitors,including1 @g/mlleupeptin,1
i.ag/mipepstain,and2 @.tg/mlaprotimn.Theproteinsweredividedinto aliquots
and stored at â€”20Â°Cuntil use.

Five @gofnuclearproteinwerereactedfor 30miii atroomtemperaturewith
the 32P-labebedSpl or SRBCprobein binding buffer composedof 10 mt@i
Tris-HC1(pH7.5), 50 mMNaC1,1mistDTT, 1mMEDTA,0.5%(v/v) glycerol,
and 2.0 i@gol' poly(dI)/(dC) in a final volume of 20 s.d.For identification of
specific proteins involved in the formation of DNA-protein complexes, the
proteins were immunoprecipitated with the antibody at 4Â°Covernight prior to
thebindingassay.Controlswereperformedunderthesameconditionswithout
any antibody or with histone Hi antibody. The reaction mixtures were then
subjected to 8% low ionic strength PAGE [6.7 mr@iTris-HC1 (pH 7.5), 3.3 mtvi
sodiumacetate,and 1.0mr@iEDTA). Thebinding complexeswerevisualized
by exposing the dried gel to X-ray film at â€”70Â°Covernight.

Statistics. All data of PSA secretion determined using the Tandem-E PSA
immunoenzymetric kit were expressed as the mean Â±SD. Significant differ
encesamong the meanswere determinedusing Fisher's exact test, and
P < 0.05 was used to identify significance.

RESULTS

Inhibition of PSA Secretion and Expression. Incubation of LN
CaP cells with various concentrations of fmasteride for 48 h caused a
marked decreaseof PSA level in the medium as determined immu

Fig. 1.Dose-(A) andtime- (B) dependentinhibition
ofPSA secretionby finasteridein LNCaPcells.LNCaP
cells grown exponentially in RPM! 1640 containing
10%FBS wereexposedto the indicatedconcentrations
offinasteride,andthemediumwasharvestedat48h (A)
or at indicated time points (B). The PSA level in the
media was determined using a Tandem-E PSA immu
noenzymetrickit accordingto the proceduresprovided
by the manufacturerand nonnalizedby cell numbers.
Datarepresentmeansfromthreeseparateexperiments.
Bars, SD.
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Fig. 2. Specificinhibitionof PSA secretionby finastendein LNCaP cells.LNCaP cells
grownexponentiallyin RPM! 1640containing10%FBSweretreatedwith the indicated
concentrations of finastende, and the medium was harvested at 48 h. Fifty @.&bof the
medium from each treatment were subjected to 10% SDS-PAGE, and the proteins were
electrotransferredto nitroceblulosemembranesand immunoblottedwith PSA (A) or
IGFBP-2 (B) antibodies.Levels of PSA in A were determinedfrom X-ray film by an
ImagingDensitometerModelGS-700(C).
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DOWN-REGULATIONOF PSA EXPRESSION BY FINASTERIDE

Correlation of PSA Secretion/Expression with the Binding of
Nuclear Extracts to the SRBC in the PSA Promoter. As observed
earlier, PSA protein was found not only in the medium conditioned
by an androgen-responsive prostate cancer cell line LNCaP but
also, to a much lesser extent, in the medium conditioned by the
androgen-independent cell lines, PC-3 and DU-145 (7). Previous
evidence demonstrated that the transcription regulation of the PSA

A gene by androgens took place via the SRBC present in the pro
moter region of the PSA gene (17). In view of this observation, we

examined whether a correlation existed between the binding of

nuclear proteins to SRBC or the Spi that are present in the

promoter region of the PSA gene and the PSA gene expression. As
_________________________________ shown in Fig. 5, left panel, the difference in the level of PSA

present in the conditioned media was found to correlate with the
difference in the level of the binding of nuclear proteins to the
SRBC. No such binding complex formation was observed when the
Spi oligonucleotide was reacted in an identical manner (Fig. 5,
right panel). The specificity of the complex formed between SRBC

noenzymetrically. As shown in Fig. 1, this inhibition of the PSA
secretion by finasteride was found to be dose (Fig. 1A) and time (Fig.
1B) dependent. At lower concentrations of the drug (25 ,LM), the
amount of PSA in the medium was decreasedby approximately 56%
without significant decrease of the cell viability. This result was
consistent with the result obtained with Western blotting shown in
Fig. 2A. However, no such decrease of the secretion of the IGFBP-2
was observed (Fig. 2B). The decreaseof the PSA secretion into the
medium after treatment of LNCaP cells with finasteride paralleled the
protein level present in the total cellular extracts as measured by
Western blotting (Fig. 3A). Again, no such decreasewas found when
the IGFBP-2 antibody was used in the assay (Fig. 3B). These results
indicate that the decreasedPSA protein secretion may result from the
inhibition by finasteride of the protein expression in the cells, and that
this inhibition was a specific event.

To understand whether the decrease of PSA protein is due to the
changes of rates of the transcription or the translation of the protein,
the mRNA of PSA was determined in LNCaP cells after treatment
with finasteride. As shown in Fig. 4, the very pronounced decreasein
the level of PSA mRNA was observed in a dose-dependent manner
after exposure of LNCaP cells to finasteride for 72 h that accurately
paralleled the decrease in the amount of PSA protein. This result
suggests that the regulation of PSA gene expression by finasteride
was, at least in part, in the transcriptional level.
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Fig. 3. Levels of PSA and IGFBP-2 in total cell extracts.LNCaP cells grown
exponentially were exposed to 25 or 100 @Mfinasteride in regular RPMI 1640 containing
10%FBS for 24, 48, or 72 h, andthe cells wereharvested,washedoncewith ice-cold
PBS, and the total cell proteins were extracted with PBSTDS containing I mzaDTF, 1 msi
phenylmethylsulfonylfluoride, and 1 @gleupeptin.One hundred @gof proteinswere
subjected to 10% SDS-PAGE and the proteins in the gel were electrotransferred to
nitrocellubosemembranesandimmunoblottedwith PSA(A) andIGFBP-2(B) antibody,
respectively.
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Fig. 4. Extent of PSA gene expression in LNCaP cells as a function of dosage of
finasteride.LNCaPcells grown at 65%â€”75%confluencein RPMI 1640containing10%
FBS were exposed to indicated concentrations of finasteride for 72 h, and the cells were
harvested, washed once with ice-cold PBS, and total RNA was extracted. The PSA mRNA
was then detected with Northern blotting using 5' end-labeled PSA-specific oligonucleo
tideas theprobe.Toppanel,PSAmRNAmeasuredby Northernblotting;middlepanel,
total RNA; andbottompanel,densityof theplotsof PSAmRNA determinedfrom X-ray
film by an Imaging Densitometer Model 05-700. Data are the means of two separate
experimentsscoredby the densitometerandnormalizedto 285 RNA.
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DOWN-REGULATIONOF PSA EXPRESSION BY FINASTERIDE

Complex

Complex â€”@a@

Free probeâ€”@@

Fig. 5. Binding of nuclear proteins extracts from the
androgen-sensitivecell line LNCaPandandrogen-inde
pendent cell lines PC-3 and DU-l45 to SRBC. Five @g
of nuclear cell extracts were reactedwith 32Pend
labeled SRBC oligonucleotide: 5'-GCAGAACAG
CAAGTGCTAOC-3' (left panel) or Spl oligonucleo
tide 5'-CAGGGCA000-GCGGAGTCCT-3' (right
panel) in binding buffer containing 2 jag/mI poly(dC)/
(dl) for 30 miii.The reactionmixtureswerethensub
jected to an 8% natural polyacrylamide gel, and the
bindingcomplexesweredetectedby exposingthedried
gel to X-ray film at â€”70'Covemight.

and nuclear factors obtained from LNCaP cells was further estab- of unlabeled homologous SRBC decreased the level of complexes
lished by competition analysis using a homologous unlabeled
SRBC oligonucleotide (Fig. 6, left panel) or the nonhomologous
unlabeled Spl oligonucleotide (Fig. 6, right panel). The presence

Fig. 6. Detennination of the specificity of the binding com
plexesformedbetweenSRBCand nuclearproteins.Five @gof
nuclearproteinsextractedfromnormalculturedLNCaPcells
reacted with 32Pend-labeled SRBC oligonucleotide in the pres
ence of cold homologous (SRBC, leftpanel) or nonhomologous
oligonucleotide(Spi, right panel) for 30 mm at 37CC.The reac
tionmixturesweresubjectedto an 8%naturalpobyacrylamidegel.
The binding complexes were detected by exposing the dried gel to
X-ray film at â€”70Covernight.

in a concentration-dependent manner. In contrast, the extent of
complexes formed was not altered in the presence of high concen
trations of Spl oligonucleotide.
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DOWN-REGULATIONOF PSA EXPRESSION BY FINASTERIDE

were made from LNCaP cells treated with various concentrations of
finasteride for 72 h. As shown in Fig. 7, the levels of binding
complexes were markedly decreased when the nuclear proteins pre
pared from LNCaP cells were treated with 25 pM or higher concen
trations of finasteride. The absenceof a dose-responseeffect regard
ing the binding complexes may be due to the fact that the inhibition
of finasteride at 25 @.aMon the PSA expression has almost reached the
peak level. This result parallels the PSA level presentin the cells
treated with the same concentrations of the drug.

Fig. 8 shows the effect of androgen antibody on the formation of the
binding complexes and the effect of finasteride on the level of AR in
the cells. Complexes were significanfly diminished when the nuclear
extracts were preprecipitated with AR antibody, whereas no changes
were observed when the histone Hi antibody proteins were used (Fig.
8A). This finding provides additional evidence that the AR plays a key
role in the formation of the binding complexes and confirms the
previous mechanism as outlined by Luke and Coffey (17). After
treatment with various concentrations of finasteride, the AR levels in
the cell extracts of LNCaP cells were remarkably decreased in a
dose-dependent manner (Fig. 8B). As documented in the Fig. 8C,
following the treatment of LNCaP cells with 25 @uvtfinasteride, AR
levels in cellular extracts were decreased to approximately 50% of
baseline without significant cytotoxicity.

DISCUSSION

Finasteride, an effective 5a-reductase inhibitor, has been intro
duced to clinicians for treatment of BPH and for trials for the treat
ment of PC (18, 19). The effects of the drug on serum PSA in men
with stage D PC have been described earlier (20).

Previous observation showed that besides the importance of the
PSA as a serum marker for both BPH and PC, PSA itself plays a role
in the growth stimulation of the androgen-responsive prostate cancer
cell line, LNCaP cells (7). In this study, we provide evidence that
finasteride markedly inhibits both PSA secretion and expression in
LNCaP cells. Thus, the down-regulation of finasteride on PSA and
possibly other AR target gene expressions may imply an additional
mechanism by which this drug decreases prostate volume.

Effects of steroids on target cells are mediated by their respective
receptors. A number of reports have shown that antagonists of steroid
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Fig. 8. Participationof AR in the formationof
complexesbetweennuclearproteinsand SRBC
(A) and the effect of finasteride on the level of AR
in LNCaPcells evaluated(B and C). A, 5 @agof
nuclear proteins from normal cultured LNCaP
cells pre-precipitated with AR (A, Lane 3) or
histoneHl (A, Lane4) antibodyovernightat4'C,
followed by reactionwith 32Pend-labeledSRBC
probe. The MGSA was then performed as de
scribed in â€œMaterialsand Methods.â€•B, 100 @gof
proteins extracted from LNCaP cells treated with
different concentrations of finasteride for 72 h
were subjected to an 8% SDS-polyacrylamide gel
followed by immunoblotting with AR antibody,
andthelevelof AR in theextractswasquantitated
with a densitometer from X-ray film images (C).
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Fig. 7. Effect of fmasteride on the formation of binding of nuclear proteins to SRBC.
LNCaP cells grown exponentially in RPMI 1640 containing 10% FBS were treated with
different concentrationsof finasteride for 48 h. The cells were harvested,washedonce with
cold PBS, and nuclear proteins extracted. Five g@gof nuclear proteins were reacted with 32P
end-labeled SRBC oligonucleotide in the presenceof 2 @tgof poly(dC)/(dI) for 30 missat
37Â°C.Thereactionmixturesweresubjectedto 8%naturalpolyaciylamidegeLThebinding
complexesweredetectedby exposingthedriedgel to X-ray film at -70Â°Covernight

Inhibition of Complex Formation between ARs and SRBC in
the Promoter of the PSA Gene by Finasteride. To explore whether
a decrease of the PSA secretion and expression by finasteride is
related to the binding of nuclear proteins to SRBC, nuclear extracts
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DOWN-REGULATIONOF PSA EXPRESSION BY FINASTERIDE

receptors inhibit binding of receptors to target DNA (21, 22). The
promoter of the PSA gene contains several well-known cis-regulatory
elements. Among them, SRBC has been implicated as a functional
androgen-responsive element (13). A core sequencefor the androgen
response element has been found to be GGA!FACAnnn-TGTFCT
(23).PSAwasnotonlypresentin conditionedmediumfromthe
PSA-positive cell line LNCaP cells, but was also detectable in small
amounts in the PSA-negative cell lines PC-3 and DU-145 (7). A
strong correlation between binding of nuclear factors to SRBC and the
level of PSA present in the cell extracts was found in those cell lines,
whereas no such correlation with binding was obtained using Spl
oligonucleotide as a probe. Binding of LNCaP cell nuclear proteins to
SRBC was diminished when the cells were exposed to 25 p.M finas
teride, at which concentration over 50% of the PSA expression was
inhibited. These results imply that the down-regulation of PSA cx

pression by finastende is through the inhibition of complex formation
of nuclear proteins with SRBC in the promoter region of the PSA gene
in these cells.

The AR is a member of a steroid superfamily of ligand-inducible
intracellular regulators that activate or repress transcription of target
genes (24, 25). Several genes have been demonstrated to be regulated
by androgen in LNCaP cells primarily at the level of transcription
initiation presumably via AR, including the human kallikrein-related
PSA and hGK-1 genes (17, 26). ARs are structurally and functionally
organized into domains that mediate hormone binding, nuclear trans
location, dimerization, DNA binding, and transcriptional activation
(27â€”30).Inthepresentstudy,usingARantibodytoremoveARfrom
nuclear extracts followed by MGSA, the binding of nuclear proteins
to SRBC decreased to undetectable levels. Our result provides addi
tional evidence that AR is a major component of SRBC-protein
complexes. This finding paralleled the observed decrease of the AR
level in the cells treated with finasteride. Thus, lack of formation of
SRBC-protein complexes due to the decrease in the level of AR may
play a key role in the down-regulation of PSA gene expression by
finasteride.
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