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animals with MNU2 and 1? increases the percentage of tumor mci
dence and decreases tumor latency (16).

To obtain premalignant as well as malignant prostatic cell lines, we
have cultured cells and explants of dorsal-lateral prostates from
Lobund/Wistar rats that have been treated with MNU and 1?. We
have derived and characterized nontumorigenic and tumorigenic ep
ithelial lines; designated them NRP-152 and NRP-154, respectively;
and then studied their responsiveness to several hormones and growth
regulatory peptides. In this paper, we show that NRP-152 cells are
highly responsive to several hormones and growth factors and possess
functional ARs. In contrast, NRP-154 cells have less stringent require

ments for growth, are less responsive to hormones and growth factors,
and lack detectable levels of ARs. NRP-152 cells are exquisitely
responsive to retinoic acid and 1,25(OH)2D3, whereas NRP-154 cells
are unresponsive to these hormones. Such sensitivity to both retinoids
and l,25(OH)2D3 makes NRP-152 cells suitable for in vitro studies on
the mechanism of action of these hormones the potential of which in
the chemoprevention of breast and prostate cancer is currently under
investigation.

MATERIALS AND METHODS

Materials. Sources were: Lobund/Wistar rats, Harlan-Sprague-Dawley,
Inc. (indianapolis, IN); anti-pan keratin rabbit polyclonal, anti-vimentin, and
anti-desmin monoclonal antibodies, New Fuchsin substrate system, and phos
phatase-linked rabbit anti-mouse IgG, Dako Laboratories (Carpinteria, CA);

anti-a-actin monoclonal antibody, Boehringer Mannheim (Indianapolis, IN);
TGF-@3s1, 2, and3, R&DSystems,Inc.(Minneapolis,MN);antibodiesagainst
cytokeratins 1, 8, 10, 13, and 14, Des. Stuart Yuspa and Adam Glick; mono

clonal antibodies against cytokeratin 14 and 18, Des. Ellen Lane and Timothy
Thompson; [â€˜H]R1881 (86.7 Ci/mmol) and R1881, NEN (Boston, MA);
phosphatase-linked goat anti-rabbit and anti-mouse IgCIs, Kirkegaard and
Perry, Inc. (Gaithersburg, MD); MNU, Ash Stevens (Detroit, MI); AR-38
mouse fibrosarcoma cells, Dr. Umberto Saffiotti; keratinocyte growth factor,
Dr. Jeffrey Rubin.

Development of NRP-152 Cell Line Lobund/Wistarrats were treated
with MNU (30 mg/kg body weight, injected into the intralingual vein). One
week later they received a s.c. implant of TP (50 mg) encased in a Silastic
capsule. The 1? implants were replaced at 2.5-month intervals. Rats were
killed by suffocation in carbon dioxide. The dorsal-lateral prostate was excised
sterilely and washed extensively in Hanks' solution and then transferred to a
dish containing 2 ml of Hanks' solution supplemented with 10% FBS, where
it was minced to <1-mm fragments with fme scissors. Fragments were then
transferred to ten 80-cm2 flasks containing 15 ml of GM!. Cells appeared to
attach within 1 week, at which time the medium was replaced with GM! and
then changed every 2 days thereafter. At 3â€”5-dayintervals, fibroblasts were
removed by a 2â€”10-mmtreatment with trypsin-EDTA at 37Â°C,and then the
adherent monolayer was washed with PBS. Epithelial cells were allowed to

2 The abbreviations used are: MNU, N-methyl-N-nitrosourea; AR, androgen receptor;

[â€˜H]R1881, [!7a-nzethyl-'H]methyltrienolone; CF. cholera toxin; Dcx, dexamethasone;

DHT, dihydrotestosterone; i,25(OH)2D,, ia,25-dihydroxyvitamin D3; EGF, epidermal
growth factor; FBS, fetal bovine serum; Ins, bovine insulin; PAP, prostatic acid phos
phatase; PBS, phosphate-buffered saline; RA, all-trans-retinoic acid; TGF-(3, transform
ing growth factor-f3;TP, testosterone propionate; @A,bovine serum albumin; RT, room
temperature; cDNA, complementary DNA; HEPES, 4-(2-hydroxyethyl).1-pipera
zineethanesulfonic acid; DMEM/Fi2, Dulbecco's modified Eagle's medium/Ham's F-12
medium; GM1, DMEM/F12 supplemented with 10% FBS, 20 ng/ml EGF, 5 gtg/ml Ins,
0_i p.MDcx, 10 ng/ml CT; trypsin-EDTA, 0.05% trypsin-O.53 mai EDTA in Hanks'
solution; SFM, serum-free medium.
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ABSTRACT

We have established two new epithelial cell lines (NRP-152, NRP-154),
with markedly different properties, from the dorsal-lateral prostate of
Lobund/Wistar rats treated wfth N-methyl-N-nitrosourea and testoster
one propionate NRP-152 cells do not form tumors in athyntic mice and
retain many of the properties of normal prostatic epithelial cells. They
produce prostatic acid phosphatase, have f@inctional androgen receptors,
and require the combination of several growth factors in addition to
serum for optimal growth. Their growth Is stimulated by epidermal
growth factor, insulin, dexamethasone, cholera toxin, dihydrotestosterone,
and testosterone, and their growth is inhibited by transforming growth

factor IJs and retinoic acid. These cells also respond to 1,25-dihydroxy

vitamin D3 with an early growth stimulation followed by growth inhibition
at later times. In contrast, tumorigenic NRP-154 cells lack detectable
androgen receptor mRNA and have less stringent growth factor require
ments for optimal growth. Growth of NRP-154 cells is stimulated by

dexamethasone and insulin, inhibited by transforming growth factor f31,
but not significantly altered by epidermal growth factor, cholera toxin,
dihydrotestosterone, retinoic acid, or la,25-dihydroxyvitamin D3. Our
data suggest that the NRP-152 and NRP-154 cell lines are suitable systems

for analysis of normal prostate growth and prostatic carcinogenesis.

INTRODUCTION

Cultures of normal cells under hormonally defined conditions offer
useful in vitro model systems for studying the mechanisms of normal
cell function and regulation, as well as cellular transformation. How
ever, this is possible only if the normal response patterns and function
of cells are preserved when they are separated from their in vivo
milieu. Although much effort has been expended in optimizing in
vitro conditions for growth and viability of normal adult prostatic

epithelial cells in rodents, these specialized cells have a particularly
limited growth potential and undergo rapid senescence in culture
(1â€”4).Thus, immortalization of normal prostatic cells has been an
important undertaking; however, to date only a limited number of
prostatic cell lines are reported to be nontumorigenic (5â€”7). One of

these epitheial cell lines (derived from rat ventral prostate) forms
tumors when coinoculated with a fibroblastic line (6). The tumori
genicity of several rat prostate cell lines (immortalized by SV4O
large-T antigen) has not been determined (8, 9). Of these cell lines,
only one was derived from the dorsal-lateral prostate (9), which is the
region of the rat prostate most similar, functionally and structurally, to
the human prostate (10â€”12);this cell line was not characterized with
respect to expression of prostatic markers and responsiveness to
growth factors and hormones.

Progress in the study of prostatic carcinogenesis has also been
limited by the availability of appropriate animal model systems, since
spontaneous prostatic cancers are rare in nonhuman mammals (13).
One exception, however, is the Lobund/Wistar rat strain, which de
veloped spontaneous prostate and seminal vesicle adenocarcinomas at
an incidence of 26% in 26 months (14, 15). Treatment of these
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RAT PROSTATE CELL LINES

grow until the flask was near-confluent, at which point epithelial monolayers

were detached by treatment with trypsin-EDTA at 37Â°C. Cells that were
detached by trypsinization and those few that remained attached to the culture
flasks after trypsinization were washed once with 10 ml of GM! and cultured
separately with 15 ml of GM!. All detached epithelial cells that were passaged

in this manner died within 1 week. However, one colony of epithelial cells that
remained attached after trypsinization continued to grow. Once subconfluent,
these cells were passaged by trypsinization with approximately 1â€”2%viability
of the detached epithelial cells. Viability increased upon subsequent passaging;
passages 2, 3, and 4 resulted in over 5, 30â€”50,and 80% viability, respectively.
These cells passaged much better at higher density than at low density and
several attempts at cloning these cells were unsuccessful.

Development of NRP-154 Cell Line. Developmentof the NRP-!54 cell
line was similar to that of NRP-152, with two modifications: (a) tissue was
digested with collagenase (670 units/mI collagenase and 10% FBS in Hanks'
solution) for 1 h at 37Â°C,passed through 1 mm and 250 ,@mmesh filters, and
after one wash with WAJC 404 (1), supplemented with 10% FBS, followed by
two washes with WAJC 404 alone; (b) cells were cultured in a SFM (WAJC
404 supplemented with 200 @WmlBSA V, 80 @Wmlreduced glutathione, 20
,@g/ml human transferrin, 10 @g/mlIns, 1 ,@MDcx, 20 ng/ml EGF, 10 ng/ml
Cr, and10ng/mlkeratinocytegrowthfactor),asmodifiedfromthesystemof
McKeehan et aL (1) to bypass the problem of stroma growth. After 5 days in
culture, medium was changed at 2-day intervals. After an additional 10 days,
all epithelial colonies were essentially growth arrested and dying. To revive the
remaining colonies, the medium was replaced with GM1. Although most
epithelial colonies grew initially, only one colony, which gave rise to the

NRP-154 cell line, survived past 3 weeks. Following a 30-mm trypsinization,
about 30% of the detached cells survived and grew as pure epithelial cells. This
constituted passage 1 of NRP-154 cells.

Culturing Established Unes Established cell lines were maintained in

GM2 [HEPES-free, and antibiotic-free DMEMIF12 (1:!, v/v) supplemented
with 5% FBS, 20 ng/ml EGF, 10 ng/ml CI', 0.! @tMDcx, and 5 @g/mlIns] in

80-cm2 Nunc tissue culture flasks and passaged every 3â€”4days at subconflu

ence, seeding at 2â€”5x !0@cells/flask. For passaging, a flask of cells was
washed with 5 ml of trypsin-EDTA and treated for 5 to 7 mm with trypsin
EDTA (3 ml at 37Â°C).Cells were dislodged by gentle tapping and then
recovered following centrifugation (1000 X g, 5 mm) with 7 ml of 10% FBS
in DMEM/F12.

Athymic Mouse Studles Cell suspensions trypsinized off subconfluent
monolayers were washed once with DMEMIF12 containing 10% FBS and
twice with DMEM/F12 by centrifugation and then resuspended in DMEMIF12

or in DMEMIF!2:Matrigel (1:!, v/v) at a density of 3â€”5X iO@cells/ml.
Six-week-old intact male athymic mice (five animals/group) were inoculated
s.c. in a hindlimb with 0.1â€”0.2 ml of the cell suspension.

Cell Proliferation Assays Cell growth was measuredby the binding of
crystal violet to formalin-fixed monolayers in Costar 6-well dishes (17) and
cell enumeration in single-cell suspension with a Coulter Counter. DNA
synthesis was also measured by the incorporation of [3H]thymidine (18),
following a 24-h pulse of 50,000 cells (in 24-well dishes) with 0.25 @tCi/well
[3Hjthymidine.

AR Assay. ARs were assayed using the modification of Chang et al. (19).
Cells dispensed at either !00,000/well in Costar 24-well dishes or 500,000/well
in 6-well dishes were cultured overnight in DMEM/F12 containing dialyzed
and charcoal-treated FBS (10%), 20 ng/ml EGF, 5 @g/mlIns, and 10 ng/ml
Cr. The medium was replaced twice with DMEM/F12, 15 m@iHEPES, 0.1%
BSA V, and 0.1 @LMtriamcinolone,after which various concentrationsof
[3H]R1881 Â±100-fold excess R!881 were added. Cells were incubated 37Â°C
for 2 h; the free label was removed by three washes with DMEM/F12, 15 m@i
HEPES, 0.1% BSA V, and 0.! @Mtriamcinolone at 4Â°C;and the bound ligand
was extracted with 1.0 ml of 100% ethanol for 20 mm at room temperature.
The average number of receptors per cell and Kd values were derived by
Scatchard analysis.

Prostatic Acid Phosphatase Assay. Prostatic acid phosphatase activity

was measured as tartrate-sensitive acid phosphatase using the prostatic acid
phosphatase kit from Sigma according to the protocol described in the kit. The
presence of PAP was further confirmed by PAP mRNA expression on North
ens blots.

RNA Purification and Northern Blot Analysis. Total RNA was purified

using a modification (20) of the method of Chomczynski and Sacchi (21). Ten

@igof total mRNA were electrophoresed through 1% agarose-0.66 Mformal
dehyde gels. Gels were treated with 60 mMNaOH for 20 mitt, neutralized with
50 m@i Tris-HC1 (pH 7.4)-b m@ NaC1, for 20 ruin, and then blotted onto

Nytran (pore size, 0.45 @m;Schleicher & Scheull, Keene, NH). After mem
branes were cross-linked by UV irradiation, they were prehybridized, hybrid
ized, and washed at 65Â°Cas described by Church and Gilbert (22). Hybrid
ization was done with 3 X 106 cpms/ml (>10@ dpm4@g DNA) of [32P]cDNA
probes that were prepared by random priming (GIBCO BRL, Gaithersburg,
MD).

cDNA Probes. For the ratAR probe, a 570-base pair cDNA insert from
nucleotides 2067â€”2636was obtained from Dr. Terry Timme. Rat PAP cDNA
probe (411-base pair) was prepared by reverse transcription-polymerase chain
reaction amplification from nucleotides 481â€”891,using rat ventral prostate
polyadenylated mRNA as a template. The human TGF-g3type II receptor
cDNA probe (1.7-kilobase insert from the open reading frame) was provided
by Drs. Andrew Geiser and Herbert Lin.

Immunocytochemistry. Cytoskeletal markers were assayed immunocyto
chemically using subconfluent monolayers grown in chamber slides. Cells
were fixed on these slides for 10 mm at â€”20Â°Cwith methanol:acetone (1:!,
v/v). Slides were blocked with BB (PBS plus 1% BSA, plus 1% goat serum)
for 30 mm at RT, treated with primary antibodies or control IgG in BB1 (BB
plus 0.05% Tween 20) for 1 h at RT, followed by 5 @g/mlof phosphatase
conjugated secondary antibodies in BB1 for 1 h at RT, using extensive washes

with PBS-0.05% Tween 20 between each step. Slides were developed using
Dako's New Fuchsin Substrate System.

Kal7otype and Isozyme Analysis. Karyotype and isozyme analyses were

performed by Drs. Ward D. Peterson and Joseph Kaplan at the Cell Culture
Laboratory, Children's Hospital of Michigan, Detroit.

Mycoplasma and Viral Testing. The absence of Mycoplasma contamina

tion of NRP-!52 and NRP-!54 cells was confirmed by an indirect Hoechst

method and by a direct agar method (American Type Culture Collection). The
absence of eight viruses (Toolans H-i, GDVII, KRV, PRy, Reo, Sendai,
RCV/SDA, and Hantaan) in NRP-i52 and NRP-i54 cells was confirmed by a
rat antibody production test (Microbiological Associates).

RESULTS

We have established cell lines from the dorsal-lateral prostates of 2
(No. 152 rat and No. 154 rat) of a group of 8 rats, 5 to 8 months after
initial carcinogen treatment. The prostates were transected bilaterally;
one lobe was used for histology and the other for cell culture.
Histological examination of No. 152 showed no microscopic lesion in

the dorsal-lateral region, whereas No. 154 had atypical hyperplasia in
this region. In culture, NRP-152 cell monolayers are cuboidal at low
cell density, occasionally aligned in parallel curving bundles at high
density (Fig. 1, A and B). NRP-i54 cells show a different morphol
ogy: they are larger and flatter than NRP-i52 cells (Fig. iC)

Conditions for Optimal Growth of NRP-152 and NRP-154
Cells. Unlike NRP-154 cells, which were able to grow continously in
DMEM/F12 supplemented with only 10% FBS, NRP-152 cells at
passages 3 through ii were unable to grow in this medium, and
additional growth factors and hormones (EGF, Ins, Dcx, CT) were
required for derivation and maintenance of this cell line. Under
optimal growth conditions (GM1) NRP-152 and NRP-154 cells dou
bled approximately every 17 h. To defme the supplements required for
growth, we studied the contribution of each of the four supplements in
GM1 to the overall growth of these cells after 6 days, using crystal
violet staining as a convenient method of approximating cell growth
(Fig 2, A and B). At day 6, NRP-152 cells receiving all four supple
ments were confluent, whereas deletions of single components re
suited in less growth. When added alone, EGF was significantly
mitogenic, whereas single additions of other supplements stimulated
little to no growth. The addition of 200 @MTGF-f31 not only inhibited
growth in the absence of exogenous growth factors but also caused a
dramatic inhibition of the optimal cell growth induced by the combi
nation of by EGF, Ins, Dex, and CF. At later passages (>pi4), cells
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RAT PROSTATE CELL UNES

Fig. !. Morphology of NRP-152 and NRP-!54 cells grown on plastic. NRP-152 cells (passage 2) at near confluence (A) and confluence (B) and NRP-!54 cells (passage 2) at near
confluence (C) were grown on plastic in DMEM/F!2 supplemented with 10% FBS, 20 ng/ml EGF, 5 p@JmlIns, 10 ng/ml CF. and 0.!@ Dcx.

were no longer completely growth arrested in serum alone, exhibiting
minimal growth from 4 to 6 days and reaching growth arrest by day
7 (Fig. 2C). In contrast, when NRP-154 cells (passage 7) were
analyzed as above, growth in wells receiving basal medium alone was
44% of thatin complete medium;underthese conditionsonly Ins and
Dcx significantly stimulated growth over control (data not shown).
The addition of 200 @MTGF-@3ito NRP-154 cells caused marked
inhibition ofgrowth in both basal and supplemented medium (data not
shown).

Tumor Growth in Athymic Male Mice. We first tested the tu
morigenicity of NRP-152 and NRP-154 cells at passages 8 and 34,
using a 3 million-cell inoculum. None of the 10 mice receiving either
passage 8 or 34 NRP-152 cells had palpable tumors, even 11 months
after inoculation. The positive control AR-38, a mouse fibrosarcoma
cell line, formed tumors 1 week after inoculation; these tumors
weighed an average of 2.2 Â±1.2 (SD) g by 2 weeks. After 6â€”7weeks,
palpable masses were observed at the site of inoculation with NRP
154 cells. All five mice in this group had sizable growths, averaging
0.50 Â±0.30 g, 10 weeks after inoculation, that were confirmed
histologically as desmoplastic tumors. Because coinoculation of tu
morigenic cells with Matrigel has been shown to shorten tumor
latency and enhance tumor growth (23), we also tested the tumori
genicity of NRP-152 cells at passage 35, using a large inoculum of i07
cdlls/0.2 ml in both the presence and the absence of Matrigel. None of

the 10 mice in these groups formed tumors after 8 months. The
positive control in this experiment, NRP-154 cells without Matrigel,
formed tumors in all animals after 7 weeks.

Karyotype and Isozyme Analysis. The karyotype and isozyme
analyses of NRP-152 cells were done at both passage 7 and passage
61 to detect any genotypic drift in culture (NRP-154 was done as
passage 7). For both cell lines the electrophoretic mobilities of glu
cose-6-phosphate dehydrogenase, purine nucleoside phosphorylase,
lactate dehydrogenase, and malate dehydrogenase were comparable to
those of a normal rat cell control preparation. Karyotype analyses
from 100 cells from each passage of NRP-152 demonstrated that the
cell line is aneuploid (XXYY), with most chromosomal counts in the
hypertriploid range. Karyotype analysis of NRP-154 demonstrated
that the cell line is also aneuploid (XY), with 50% of the cells
essentially diploid and the remainder in the tetraploid range. For both
cell lines structural modification of chromosomes was infrequent.

Immunocytochemical Staining. In order to determine the cellular
origin of the established cell lines, they were stained with various
specific antibodies directed against cytoskeletal proteins. Pan anti
keratin polyclonal antibody stained 100% of the cells of both lines,
confirming that they represent pure populations of epithelial cells. For

NRP-152 cells, antibodies directed against cytokeratins 1, 10, 13, and
18 exhibited no specific staining, whereas anti-cytokeratin 14 stained
100% of the cells. In contrast, NRP-154 cells were positive for

3415

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/5

4
/1

3
/3

4
1
3
/2

4
5
4
4
9
9
/c

r0
5
4
0
1
3
3
4
1
3
.p

d
f b

y
 g

u
e

s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2

2



1!

â€”

C â€¢@Iâ€” )C â€” lu@@

g@Eo@

ow
I-
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cytokeratins 18, but negative for cytokeratins 1, 10, 13, and 14.
Expression of cytokeratins 14 and 18 by NRP-152 and NRP-154 cells,
respectively, suggests that NRP-l52 cells are derived from basal
epithelium and NRP-154 cells from luminal epithelium (24, 25).
When stained for other intermediate filaments, both NRP-152 and
NRP-154 cells were shown to express vimentin but not desmin and
a-actin. The positive controls, BHK-21 baby hamster kidney cells
and rat neonatal cardiac fibroblasts stained for desmin and a-actin,
respectively.

AR Assay. AR was assayed in whole cells by the specific
I + DEs CT + Dax E + I binding of [3H]R1881 (Fig. 3A). The specific binding of R1881

+ CT (2 nM) to NRP-152 cells was about 10-fold higher than that of
NRP-154 cells. Northern blot hybridization, using a cDNA probe
to rat AR, demonstrated that NRP-152 cells expressed AR mRNA
at levels comparable to those in rat prostate in vivo, while no AR
transcript was detected in NRP-154 cells (Fig. 3B). NRP-152 cells
produced two similar-sized transcripts, one of which comigrated
with AR in the seminal vesicle and all lobes of the rat prostate and
the other of which migrated slightly faster. The expression of
two such AR transcripts has also been observed in other systems
(26, 27). The specific binding of [3H]R1881 to NRP-152 cells was
saturable at about 1 tiM ligand (Fig. 3C). Scatchard analysis of
passage 17 NRP-152 cells showed an average of 5300 receptors!
cell with a Kd of 53 @M(Fig. 3D). Neither number nor affinity of
these sites changed at passage 56. One hundred-fold molar ex
cesses of progesterone, Dcx, and f3-estradiol competed for <10%,
<1%, and 45%, respectively, of the specific binding of 1 n@i
[3H]R1881 to NRP-152 cells, whereas DHT and testosterone corn
peted for >95% of the specific binding (data not shown). These
data confirm the androgen specificity of these high-affinity sites.

Effect of Androgens on Cell Growth. Attempts to demonstrate
mitogenic effects of androgens on early passage NRP-152 cells in
medium containing dialyzed and charcoal-extracted FBS were unsuc
cessful, since the stripped serum did not support growth of early
passage NR.P-152 cells over several days. At a later passage, NRP-152
cells (jassage 67) exhibited sustained growth (doubling time, 67 h) in
the above medium, and a single addition of DHT at 10 EM over 11
days stimulated a 2-fold increase in cell number (data not shown).
Growth of NRP-154 cells was not stimulated by DHT under identical
conditions. To test early (1â€”2days) effects of DHT on cell growth, we
assayed for DNA synthesis in a SFM consisting of DMEM/F12, 15
mM HEPES, 0.1% BSA V, 10 @.tg/ml human transferrin, lx trace

element mix, and 20 ng/ml EGF. Using this medium, we showed that
as little as 1 ntt DHT caused a 2-fold increase in DNA synthesis in
NRP-152 cells; similar effects were seen with R1881 (Fig. 4A). These
were not nonspecific steroid hormone effects since neither estradiol
nor progesterone (10 nM) was mitogenic for these cells, whereas 10 tIM
DHT or testosterone stimulated DNA synthesis 2.5-fold over control
(data not shown). The specificity of this effect was further confirmed
by use of the anti-androgen hydroxyflutamide (1 taM), which blocked
induction of DNA synthesis by 10 tIM DHT (Fig. 4B).

Expression of Acid Phosphatase. Total acid phosphatase and
PAP activity were measured in NRP-152 cells cultured in SFM for 4
days with and without 10 tIM DFIT. When the specific activity of
phosphatase was expressed in units!mg protein and compared to that
of rat male sex accessory organs, NRP-152 exhibited a substantially
higher level of both acid phosphatase and PAP activity than normal
prostatic tissue or seminal vesicle (Table 1). Furthermore, the PAP:
non-PAP ratio was much higher in NRP-152 cells than in any normal
prostatic tissue. DHT treatment of NRP-152 cells caused a 36%
decrease in PAP activity, while not affecting that of the non-PAP.
Under identical conditions without DHT, the specific activities of
PAP and non-PAP in NRP-154 cells were 83 and 3.6 units!mg,
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Fig. 2. Growth of NRP-152 in response to regulatory molecules. Growth of NRP-152

passage 7 cells was determined by combinations of 20 ng/ml EGF, 5 @g/mlIns, 0.1 ,.@M
Dcx, and 10 ng/ml CF in DMEM/F12 plus 10% FBS. The effect of 200 @MTGF-@31was
determined in basal serum medium alone and in the complete medium. (A) Cells were
fixed with formalin after 6 days of treatment and then stained with crystal violet. (B) To
quantitate growth, crystal violet was eluted with ethanol-citrate buffer and the absorbance
at 490 nm was determined. (C) The growth kinetics of NRP-152 passage 24 cells was
determined as above in DMEMIF12 plus 10% FBS alone (C])and supplemented with the
combination of 20 ng/ml EGF, 5 @iWmlIns, 0.1 @MDcx, and 10 ng/ml CF (N). Bars, SD.
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Regulation of Cell Growth by RA and 1,25(OH)2D3. The effects
of retinoids and vitamin D derivatives on inhibiting growth and
promoting differentiation of epithelial cells is well documented (32,
33). The effects of PA and 1,25(OH)2D3 on growth of NRP-152 and
NPR-154 cells were examined as a function of time. Growth of
NRP-152 cells was inhibited by RA as measured by both changes in
cell number (Fig. 7) and [3H]thymidine incorporation (Fig. 8) with
50% effective dose of about 1 flM (data not shown). 1,25(OH)2D3

stimulated growth of NRP-152 cells at early time points and inhibited
growth at later times (Figs. 7, A and B, and 8). At early time points
(24â€”48h), 1,25(OH)2D3 also stimulated the incorporation of [3H]thy
midine by severalfold with a 50% effective dose of 20 tIM (data not
shown). In contrast, growth of NRP-154 cells, under conditions iden
tical to those in Fig. 7, was neither stimulated nor inhibited by either
RA or 1,25(OH')2D3(data not shown). Our preliminary results suggest

Total 30

20

Specific

10Non-specific

0
0.0 2.5

1.2

C (31fl-Nlee1 (aM) D Bound (fmole)
Fig. 3. ARs in prostatic cell lines. (A) Binding of 2 tIM[3H1R1881to NRP-152 (passage 34) and NRP-154 cells (jassage 15) was done in the absence (specific) and presence

(nonspecific) of 0.2 @.LMunlabeled ligand; (B) mRNA for AR in the above cell lines and in adult rat the seminal vesicle (SV), ventral prostate (VP), dorsal prostate (DP), lateral
prostate (LP), and anterior prostate (AP) from adult rats were determined by Northern blot hybridization; (C) presence of high-affinity androgen binding to NRP-152 passage
!7 cells was demonstrated by saturable specific binding of [3H]R1881; (D) Scatchard analysis is shown. All values represent the average of triplicate determinations Â±SD
(bars). Kb, kilobases.

respectively (Table 1). NRP-152 and NRP-154 cells also express high
levels of the 4.9-kilobase PAP transcript (28) relative to rat dorsal and
lateral prostates in vivo, with higher levels in NRP-152 cells than in
NRP-154 cells (Fig. 5).

Inhibition of Growth by TGF-fis. Previous investigators have
shown TGF-@31to be a potent inhibitor of prostatic epithelial cell
growth (29â€”31).Here we show that the single addition of 200 @M
TGF-j31 over 2â€”5days not only inhibits growth of NRP-152 and
NRP-154 cells but also promotes death of NRP-154 cells (Fig. 6, A
and B). Within 48 h of its addition, TGF-@31inhibited DNA synthesis
in both NRP-152 and NRP-154 cells by >95% in the presence of 10%
FBS and a variety of mitogens (data not shown). In a dose-response
experiment, TGF-f33 was more active than TGF-j31, with TGF-@32
being the least active in inhibiting DNA synthesis of NRP-152 cells
(Fig. 6C).
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Table1 LevelsofprostaticacidphosphataseinNRP-152cellsand inratprostate
invivoTAY

and PAP were measured in lysates ofNRP-152 cells treated with and without10flM
DHT for 4 days in SFM, in extracts of NRP-154 cells maintained in SFM for 4days,and

in extracts of adult Sprague-Dawicy rat prostate. Values shown for the NRP-152andNRP-154
cells represent the average of two treatments Â±SD.Sigma

units/mgproteinTAP

PAPnonPAPNRP-152

cellsControl
34.3 Â±0.5 28.3 Â±0.8 6.0 Â±0.310

nM DHT 23.8 Â±13 !8.1 Â±0.4 5.7 Â±1.1NRP-154

cells 12.1 Â±1.3 83 Â±0.9 3.6 Â±!.6Anterior
prostate 0.96 0.520.44Lateral

prostate 1.790.63Dorsal
prostate 1.42 0.710.71Ventral
prostate 2.45 1.071.38Seminal
vesicle 3.39 1.352.04a

TAP, total acid phosphatasc.

..,,

RAT PROSTATE CELL LINES

DISCUSSION

We have developed nontumorigemc and tumorigenic epithelial cell
lines from Lobund!Wistar rat dorsal-lateral prostate. Corresponding
with the differentiated phenotype of prostatic epitheium, both cell
lines produce relatively high levels of PAP, and NRP-152 cells
express AR rnRNA and possess functional ARs. In contrast, NRP-154
cells show no detectable AR mRNA and do not respond to androgens
under identical conditions. Furthermore, similar to primary cultures of
prostatic epithelium (1â€”4,35, 36), NRP-152 cells require the cornbi
nation of EGF, Ins, Dcx, and CT for optimal growth. NRP-154 cells,
however, grow much more autonomously in culture, which is consis
tent with their tumorigenic phenotype. Although K@-rasmutation at
codon 12 is common in prostatic tumors induced by N-methyl-N-
nitrosourea (37, 38), neither cell line has this mutation (data not
shown).0
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Fig. 4. Stimulation of the growth of NRP-152 cells by androgens. (A) Dose response
of DHT and R!88! on DNA synthesis (B) Effect of 1 @&sihydroxyflutamide (HF) on
stimulation of DNA synthesis by 10 nat DHT. Cells were stimulated in SFM and the
incorporation of [3H]thymidine (3H-TdR) was determined. All values represent the
average of triplicate determinations Â±SD (bars).

that lack of response of NRP-154 cells to 1,25(OH)2D3 may be the
result of vitamin D receptor deficiency, since these receptors are
expressed at much lower levels in NRP-154 cells relative to NRP-152
cells (data not shown).

Recent evidence suggests that effects of RA and 1,25(OH)2D3on
inhibition of growth may be synergistic (34). We examined the
potential synergism of 1 @.LMPA and 10 tIM1,25(OH)2D3 on growth
of NRP-152 cells in DMEMJF12 supplemented with 20 ng/ml of EGF
and PBS as assayed by the incorporation of [3H]thymidine after a
6-day treatment (Fig. 8, A, B, and C). The concentration of FBS was
varied to optimize the response to these agents. 1,25(OH)2D3 inhib
ited growth in the presence of either 5 and 2.5% FBS, whereas it was
slightly stimulatory in the presence of 10% FBS (Fig. 8A). RA, on the
other hand, was inhibitory under all conditions. When the data were
normalized to the percentage of that of the serum control, the corn
bined effect of RA and 1,25(OH)2D3was clearly synergistic in 5 and
10% FBS.

Fig. 5. Northern blot analysis ofPAP mRNA. Expression ofthe 4.9-kilobasc(kb)PAP
mRNA in NRP-152 and NRP-154 cells grown in GM1 and in dorsal and lateral prostates

of adult rats was determined by Northern blot hybridization using 10 g@gof total
RNA/lane.
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Fig. 7. Effects ofRA and 1,25(OH)@D3on NRP-!52 cell growth. (A)Effects of0.1 @tM

RA @J)and 1,25(OH)@D3 (A) or ethanol vehicle (0) on growth of NRP-152 cells (passage
12) in DMEMIF12 supplemented with 5% FBS and 20 ng/ml EGF were measured as a
function oftime. (B) Data from A was divided into three 48-h segments and expressed as
cell population doubling/48 h.

The NRP-152 cell line offers a suitable and unique system for
studying early events during carcinogenesis: (a) the dorsal-lateral
prostate is believed to be functionally and structurally more similar to
human prostate than rat ventral prostate (10â€”12);(b) carcinomas can
be induced in the dorsal-lateral prostate in several rat models (38â€”40);
(c) NRP-152 is the only nontumorigenicprostaticcell line reported

to have functional ARs (5â€”7);(d) previously described human and
rat dorsal-lateral prostatic cell lines that are nontumorigenic have
often been immortalized by overexpression of SV4O large-T antigen
(5, 7â€”12),a viral product that has not been reported to be involved in
the etiology of prostate cancer in any system. In contrast, the NRP
152 cell line has been derived from animals that undergo spontaneous
prostate adenocarcinoma. Thus, although the immortalizing gene al
teration(s) of this cell line is as yet undefined (in contrast to the SV4O
immortalized lines), NRP-152 cells are more likely to be representa
tive of a preneoplastic state than any of the immortalized prostatic cell
lines.
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Fig. 6. Effect of TGF-@son growth of NRP-152 and NRP-154 cells. Inhibition of

cell growth by 200 @MTGF-@1(R) on NRP-!52 (passage 26) cells (A) and NRP-154
(passage 10) cells (B) was determined by changes in cell number as a function of time

(0, control). Cells were plated in DMEM/F12 supplemented with 10% FBS plus 20
ng/ml EGF. (C) Dose response of TGF-@s 1, 2, and 3 on growth of NRP-152 cells
(passage 12) in DMEM/F12 supplemented with 10% FBS plus 20 ng/ml EGF, as
measured by the incorporation of [3Hlthymidine. All values represent the average of
triplicate determinations Â±SD (bars).

3419

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/5

4
/1

3
/3

4
1
3
/2

4
5
4
4
9
9
/c

r0
5
4
0
1
3
3
4
1
3
.p

d
f b

y
 g

u
e

s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2

2



-=-

I.
control RA D3 RA â€¢D3

treatment

control MA 03 RA â€¢D3

treatment

control RA

RAT PROSTATE CELL LINES

suggests that certain epithelial cells can also respond to androgen
directly.

It has been shown recently that although prostatic tumors initially
express elevated levels of PAP, such levels drop with tumor progres
sion toward a more malignant state (46). Our demonstration of dc
vated levels of PAP in NRP-152 cells relative to the whole prostate
and in NRP-154 cells is consistent with increased PAP expression
occurring as an early event in carcinogenesis. The increased growth
potential of more malignant prostate tumors may be explained by
reduced cellular PAP, which has been shown to be the major phos
photyrosine phosphatase in human prostate (47), and is believed to
dephosphorylate phosphotyrosine residues that are essential for
growth factor signaling (48). This model has recently been tested by
transfection of malignant prostatic carcinoma cells with a PAP cx
pression construct, which elevated PAP levels and inhibited growth of
the transfectants (46). By this mechanism, reduction of PAP levels by
DHT in NRP-152 (Table 1) and LNCaP (49) cells may stimulate
growth and thereby account for the mitogenic action of androgens on
these cells.

There is strong evidence that TGF-@3splay an important role in
prostate development and function. TGF-f31 not only inhibits growth
of prostatic epitheial cells (29â€”31)but may also be responsible for
apoptosis in the prostate since its mRNA expression is dramatically
elevated in regressing rat prostates following castration (50). Here, we
show that TGF-@31not only inhibits growth of NRP-152 and NRP-154
cells but also induces death of NRP-154 cells. The apparent greater
sensitivity of NRP-154 cells than of NRP-152 cells to TGF-g31, which
is consistent with the selective loss of luminal epithelium during
apoptosis of the prostate (24), may be explained by the greater
abundance of mRNA for TGF-@ type II receptors in NRP-154 cells
(data not shown), as recent evidence supports that this class of TGF-@
receptors mediate inhibition of growth by TGF-@s (51). The great
sensitivity of NRP-154 cells to TGF-13 further demonstrates that loss
of sensitivity to TGF-g3is not an early event of carcinogenesis in this
system.

The use of steroids and retinoids in the chemoprevention of cancer
has recently attracted much attention. The high sensitivity of NR.P-152
cells to both RA and 1,25(OH)2D3 makes these cells suitable for
studying the mechanism of action of these hormones. We have shown
here that inhibitory effects of RA and 1,25-(OH)2D3 can be synergis
tic, rather than additive, which is consistent with recent findings in
human breast cancer cells (34). Recently, we have also demonstrated
that inhibition of growth by RA in NRP-152 cells is mediated via
induction of TGF-@3s(52), as reported for neonatal mouse keratino
cytes (53). These new data suggest that TGF-@s may play a major role
in prostatic responsiveness to retinoids and the potential ability of
retinoids to function in the chemoprevention of prostatic cancer.
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Stimulation of NRP-152 growth by DHT is in contrast to the
absence of a direct mitogenic effect of this steroid on primary pros
tatic epithelial cells reported by other investigators (1, 19, 35). The
reason for this apparent discrepancy is not known. Variables such as
growth conditions, state of differentiation, and origin of cell type may
be critical for such androgenic effects. In support of the latter two
possibilities, androgen receptors are not detectable in the prostatic
epithelium of fetal and neonatal stages of development (41) and are
not present in most basal and some luminal epithelial cells of adult
prostate (42). The absence of direct mitogemc effects of androgens on
primary cultures of prostatic epitheium has led to the investigation of
a paracrine mechanism of androgen action mediated by the release of
growth factor(s) (19), such as keratinocyte growth factor (43)3 by
prostatic stroma. However, the absence of stroma in NRP-152 cells, in
LNCaP human prostatic carcinoma cells (44), and in Dunning
R3327G cells (45) for which growth in all is stimulated by androgens,

REFERENCES

1. McKcchan, W. L, Mama, P. S., and Rosser, M. P. Direct mitogenic effects of
insulin, epidcrmal growth factor, glucocorticoid, cholera toxin and possibly prolactin,
but not androgen,on normalrat prostateepithelialcellsin serum-free,primarycell
culture. Cancer Rca., 44: 1998â€”2010, 1984.

2. MCKCCban,W. L, Adams, P. S., and Rosscr, M. P. MOdified nutrient medium MCDB
151, defined growth factors, cholera toxin, pituitary factors, and horse serum support

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/5

4
/1

3
/3

4
1
3
/2

4
5
4
4
9
9
/c

r0
5
4
0
1
3
3
4
1
3
.p

d
f b

y
 g

u
e

s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2

2



RAT PROSTATE CELL LINES

growth of epithelial cells and suppress fibroblast cell proliferation in primary cultures
of rat ventral prostate cells. In Vitro (Rockville), 18: 87â€”91,1982.

3. Turner, T., Bern, H. A., Young, P., and Cunha, G. R. Serum-free culture of enriched
mouse anterior and ventral prostatic epitheial cells in collagen gel. In Vitro Cell. Dcv.
Biol.,26:722â€”730,1990.

4. Nishi, N., Matuo, Y., Nakamoto, T., and Wada, F. Proliferation of epithelial cell
derived from rat dorsal-lateral prostate in serum-free primary cell culture and their
response to androgen. In Vitro (Rockville), 24: 778â€”786, 1988.

5. Kaighn, M. E., Reddel, R. R., Leclmer, J. F., Peehl, D. M., Camalier, R. F., Brash,
D. E., Saffiotti, U., and Harris, C. C. Transformation of human neonatal prostate
epitheial cell by strontium phosphate transfection with plasmid containing SV4O
early region genes. Cancer Res., 49: 3050â€”3056,1989.

6. Cluing, W. K., Chang, S. M., Bell, C., Zhau, H. H., Ro, J. Y., and Von Eschenbach,
A. C. Co-inoculation of tumorigenic rat prostate mesenchymal cell with non-tumor
igenic epitheial cell results in the development of carcinosarcoma in syngeneic and
athymic animals. mt. J. Cancer, 43: 1179â€”1187,1989.

7. Cussenot, 0., Berthon, P., Berger, R., Mowszowicz, I., Faille, A., Hojman, F.,
Teillace., P., L Duc, A., and Calvo, F. Immortalization of human adult normal
prostatic epithelial cells by liposomes containing large T-SV4Ogene. J. Urol., 143:
881-886,1991.

8. Mitsuru, N., Fukushinia, M., Tachyo, T., Usui, T., and Ide, T. Establishment of a
SV4O-transformedcellline from primary culture ofrat dorsolateral prostatic epithelial
cells. Exp. Cell Res., 190: 271â€”275,1990.

9. Rundlett, S. E., Gordon, D. A., and Miesfeld, R. L Characterization of a panel of rat
ventral prostate epitheial cell lines immortalized in the presence or absence of
androgens. Exp. Cell Res., 203: 214â€”221,1992.

10. Mauson, C. A., and Fischer, M. I. Zinc content of the genital organs of the rat. Nature
(Lond.), 167: 859, 1951.

11. Price, D. Comparative aspects of development and structure in the prostate. Nail.
Cancer Inst. Monogr., 12: 1â€”18,1963.

12. Nevalainen, M. T., Valve, E. M., MakelS, S. I., BlSuer, M., Tuohimaa, P. J., and
HSrkÃ¶nen.Estrogenandprolactinregulationof ratdorsalandlateralprostateinorgan
culture. Endocrinology, 129: 612â€”622,1991.

13. Isaacs, J. T. Development and characterization of the available animal models
systems for the study of prostatic cancer. Prog. Chin.,and Biol. Res., 239: 513â€”576,
1987.

14. Pollard, M., and Luckert, P. H. Autochthonous prostate adenocarcinomas in Lobund
wiat@rats:a modelsystem.Prostate,11: 219-227,1987.

15. Slayter, M. V., Anzano, M. A., Kenji, K., Sporn, M. B., and Smith, J. Histogenesis
of induced prostate carcinoma in Lobund-Wistar rats: a model system for histologic
scoring and grading. Cancer Res., 54: 1440-1445, 1994.

16. Pollard, M., and Luckert, P. H. Production of autochthonous prostate cancer in
Lobund-Wistar rats by treatment with N-nitroso-N-methylurea and testosterone.
J. Nail.CancerInst.,77:583â€”587,1986.

17. Sugarman, B. J., Aggarwal, B. B., Figari, I. S., Palladino, M. A., and Shepard, H. M.
Recombinant human tumor necrosis factor-a: effects on proliferation of normal
transformed cells in vitro. Science (Washington DC), 230: 343â€”345,1985.

18. Danielpour, D., Dart, L L, Flanders, K. C., Roberts, A. B., and Sporn, M. B.
Iminunodetection and quantitation of the two forms of transforming growth factor-(3
(TGF-131and TGF-@2)secretedby cells in culture.J. Cell.Physiol.,138: 79â€”86,
1989.

19. Chang, S-M., and Chung, L. W. K. Interaction between prostatic fibroblast and
epithelialcellsin culture:roleof androgen.Endocrinology,125:2719â€”2727,1989.

20. Puissant C., and Houdebine, L-M. An improvement of the single-step method of RNA
isolation by acid guanidin.ium thiocyanate-phenol-chloroform extraction. Biotech
niques, 8: 148â€”149,1990.

21. Chomczynski, P., and Sacchi, N. Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chioroform extraction. Anal. Biochem., 162: 156â€”
159,1987.

22. Church, G., and Gilbert, W. Genomic sequencing. Proc. Nail. Acad. Sci. USA, 81:
1991â€”1995,1984.

23. Pretlow, T. G., Delmoro, C. M., Dilley, G. G., Spandafora, G. G., and Pretlow, T. P.
Transplantationof humanprostaticcarcinomainto nudemicein Matrigel.Cancer
Rca., 51: 3814â€”3817,1991.

24. Rouleau, M., LÃ©gertJ., and Tenniswood, M. Ductal heterogeneity of cytokeratins,
gene expression, and cell death in the rat ventral prostate. Mol. Endocrinol., 4:
2003-2013, 1990.

25. Eichner, R., BOnÃœtZ,and Sun, T. T. Classification of epithelial keratins according to
their immunoreactivity, isoelectric point, and mode of expression. J. Cell Biol., 98:
1388â€”1396, 1984.

26. Wolf, D. A., Herzinger, T., Hermeking, H., Blaschke, D., and Horz, W. Transcrip
tional and posttranscriptional regulation of human androgen receptor expression by
androgen. Mol. Endocrinol., 7: 924â€”936,1993.

27. Shan, L-X., Rodriguez, M. C., and JSnne, 0. A. Regulation of androgen protein and
mRNA concentrations by androgens in rat ventral prostate and seminal vesicles and
in human hepatoma cells. Mol. Endocrinol., 4: 1636â€”1646, 1993.

28. Roiko, K., Mane, 0. A., and Vihko, P. Primary structure of rat secretory acid

phosphatase and comparison to other acid phosphatases. Gene (Amst.), 89: 223â€”229,
1990.

29. McKeehan, W. L., and Adams, P. S. Heparin-binding growth factor/prostatropin
attenuates inhibition of rat prostate tumor epithelial cell growth by transforming
growth factor type 13.In Vitro (Rockville), 24: 243-246, 1988.

30. Wilding, G., Zugmeier, G., Knabbe, C., Flanders, K., and Gelmann, E. Differential
effects of transforming growth factor@ on human prostate cancer cells in vitro. Mol.
Cell. Endocrinol., 62: 79â€”87,1989.

31. Peehl, D. M., Wong, S. T., Bazinet, M., and Stamey, T. A. In vitro studies of human
prostatic epithelial cells: attempts to identify distinguishing features of malignant
cells. Growth Factors, 1: 237â€”250,1989.

32. Gudas, L. 1. Retinoids, retinoid-responsive genes, cell differentiation, and cancer. Cell
Growth & Differ., 3: 655-662, 1992.

33. Pols, H. A., Birkenhager, J. C., Foekens, J. A., and van Leeuwen, 3. P. T. M. Vitamin
D: a modulator of cell proliferation and differentiation. J. Steroid Biochem. Mol.
Biol.,37: 873â€”876,1990.

34. Koga, M., and Sutherland, R. L. Retinoic acid acts synergistically with l,25-dihy
droxyvitamin D3 or antiestrogen to inhibit T-47D human breast cancer cell prolifer
ation. J. Steroid Biochem. Mol. Biol. 39: 455â€”460,1991.

35. Peehl, D. M., and Stamey, T. A. Serum-free growth of adult human prostatic
epithelial cells. In Vitro (Rockville), 22: 82â€”90,1986.

36. Lechner, 1. F., Narayan, K. S., Ohnuki, Y., Babcock, M. S., Jones, L W., and Kaighn,
M. E. Replicative epithelial cell cultures from normal human prostate gland. J. NaIl.
Cancer Inst., 60: 797â€”801, 1978.

37. Sukumar, S., Armstrong, B., Bruyntjes, 3. P., Leav, I., and Bosland, M. C. Frequent
activation of the k@-rasoncogene at codon 12 in N-methyl-N-nitrosourea-induced rat
prostateadenocarcinomasand neurogenicsarcomas.Mol.Carcinog.,4: 362â€”368,
1991.

38. Kadomatsu, K., Anzano, M. A., Smith, J. M., and Sporn, M. B. K-ras mutation in
primary tumors of rat prostate induced by N-nilroso-N-methyl urea. J. Cell. Biochem.
Suppi.,16D:101,1992.

39. Bosland, M. C., and Prinsen, M. K. Induction of dorsolateral prostate adenocarcino
mas and other accessory sex gland lesions in male wistar rats by a single adminis
tration ofN-methyl-N-nitrosourea, 7,12-dimethylbenz(a)anthracene, and 3,2'-dimeth
yl-4-aminobiphenyl after sequential treatment with cyproterone acetate and
testosterone propionate. Cancer Rca., 50: 691â€”699,1990.

40. Bosland, M. C., Prinsen, M. K., Dirken, T. J. M., and Spit, B. J. Characterization of
adenocarcinomas of the dorsolateral prostate induced in Wistar rats by N-methyl-N-
nitrosourea, 7,12-dimethylbenz(a)anthracene, and 3,2'-dimethyl-4-aminobiphenyl,
following sequential treatment with cyproterone acetate and testosterone propionate.
Cancer Res., 50: 700-709, 1990.

41. Husmann, D. A., McPhaul, M. 3., and Wilson, J. D. Androgen receptor expression in
developing rat prostate is not altered by castration, flutamide, or suppression of the
adrenal axis Endocrinology, 128: 1902-1906, 1991.

42. Prins, G. S., Birch, L, and Greene, G. L. Androgen receptor localization in different
cell types of adult rat prostate. Endocrinology, 192: 3187â€”3199,1991.

43. Yan, G., Fukabori, Y., Nikolaropoulos, S., Wang, F., and McKeehan, W. L Heparin
binding keratinocyte growth factor is a candidate stromal to epithelial cell androme
din. Mol. Endocrinol., 6: 2123â€”2128,1992.

44. Horoszewicz, J. S., L.eong, S. S., Kawinski, E., Karr, i. P., Rosenthal, H., Chu, T. M.,
Mirand, E., A., and Murphy, G. P. LNCaP model of human prostatic carcinoma.
Cancer Res., 43: 1809â€”1818, 1983.

45. Staten, R. J., Mowszowicz, I., Portois, M. C., and Mauvais-Jarvis, P. Androgen
dependence of the Dunning 83327 cell line in monolayer culture. Prostate, 11:
377â€”387,1987.

46. Un, M. F., DaVolio, J., and Garcia-Arenas, R. Expression of human prostatic acid
phosphatase activity and growth of prostate carcinoma cells. Cancer Res., 52: 4600â€”
4607, 1992.

47. Li, H. C., Chernoff, J., Chen, L B., and Kirschonbaum, A. A. A phosphotyrosyl
protein acid phosphatase from human prostate gland. Eur. J. Biochem., 138: 45.-Si,
1984.

48. Li, M-F., and Clinton, G. M. Human prostatic acid phosphatase and its phospho
tyrosyl-protein phosphatase activity. Adv. Prot. Phosphatases, 4: 199â€”228,1987.

49. Henttu, P., Liao, S., and Vihko, P. Androgens up-regulate the human prostate-specific
antigen messenger ribonucleic acid (mRNA), but down-regulate the prostatic acid
phosphatase mRNA in the LNCaP cell line. Endocrinology, 130: 766â€”772,1992.

50. Kyprianou, N., and Issacs J. T. Expression of transforming growth factor-a in the rat

ventral prostate during castration-induced programmed cell death. Mol. Endocrinol.,
3: 1515â€”1522,1989.

51. Chen, R. H., Ebner, R., and Derynck, R. Inactivation ofthe type II receptor pathways
for the diverse TGF-@activities. Science (Washington DC), 260: 1335â€”1338,1993.

52. Danielpour, D., Yip, F. A, Anzano, M., Smith, J. M., and Sporn, M. B. Growth
inhibition ofNRP-152 rat prostatic cells by retinoic acid is mediated via the induction
of TGF-@s2 and 3. Proc. Am. Mane. Cancer Res., 34: 128, 1993.

53. Glick, A. B., Flanders, K. C., Danielpour, D., Yuspa, S. H., and Sporn, M. B. Retinoic
acid induces transforming growth factor-@2 in cultured keratinocytes and mouse
epidermis. Cell Regul., 1: 87-97, 1989.

3421

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/5

4
/1

3
/3

4
1
3
/2

4
5
4
4
9
9
/c

r0
5
4
0
1
3
3
4
1
3
.p

d
f b

y
 g

u
e

s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2

2


