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ABSTRACT

Spontaneous transformation in continuous culture of the androgen-
sensitive rat prostate fÃbroblastcell line, NbF-1, resulted in an aggres
sively tumorigenic nonmetastatic phenotype that coincided with few gross
chromosome abnormalities. This study identified transformation-associ
ated alterations in extracellular matrix and androgen receptor expression
in the NbF-1 cell line. Substantial levels of procollagens I, III, and IV
and fibroin-din mRNAs were detected in nontumorigenic NbF-1 cells.
Luminili Bl and B2 mRNAs were also detectable, but at lower levels.
Expression of all six extracellular matrix mRNAs was nonuniformly
lower in tumorigenic NbF-1 cells. This decrease in expression was
greatest for a2 procollagen IV mRNA, which was reduced 17-fold.
Proteoglycans and glycosaminoglycans synthesized by the NbF-1 cultures
were also characterized. The NbF-1 cell line expressed chondroitin
sulfate proteoglycans predominantly, and expression was reduced 5- to
10-fold in tumorigenic cultures. In contrast to the extensive alterations
in the extracellular matrix, measurement of high-affinity androgen bind
ing and androgen receptor mRNA levels showed substantial expression
of androgen receptors in both NbF-1 cultures. Cultures of early and late
passage NbF-1 cells demonstrated a mitogenic response to dihydrotes-
tosterone. These data indicate (a) that alterations in expression of extra
cellular matrix components may represent early markers for tumorigenic
transformation in prostatic mesenchymal cells and (b) that these changes
can occur without disrupting androgen receptor expression and androgen
sensitivity.

INTRODUCTION

A variety of rodent mesenchymal (fÃbroblast)cell lines and
strains have been used as in vitro models of cellular transfor
mation for the purpose of studying the molecular and biochem
ical consequences of oncogenic events in detail. Rodent fibro-
blasts under certain circumstances undergo spontaneous trans
formation in culture (1). Various agents have been used to
reversibly or irreversibly transform fibroblastic cells, including
tumor viruses and oncogenes (2-5) and tumor promoters (6-
8). Characterizations using these cell culture models have dem
onstrated that the acquisition of a tumorigenic phenotype cor
relates with profound alterations in behavioral and morpholog
ical properties, widespread changes in expression of ECM4

components, and alterations in a variety of other biochemical
characteristics. These studies have also indicated that many of
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these transformation-associated changes are the result of alter
ations in the expression of transformation-sensitive genes (4,
5).

In urogenital development, mesenchyme is of particular in
terest because of its critical role in epithelial morphogenesis
and its ability to mediate androgen-induced growth and the
expression of tissue-specific proteins in the epithelium (9-11).
Prostatic mesenchyme may also play a role in certain disease
states, including human and experimental models of benign
prostatic hyperplasia (9, 11-13) and possibly neoplasia (14).
Therefore, cell lines derived from urogenital mesenchyme will
be of considerable utility in studying biochemical and molecular
events associated with urogenital development and disease.

We have reported previously the derivation of an androgen-
sensitive fibroblastic cell line, NbF-1, from normal adult ventral
prostate of the Nb rat (15, 16). The NbF-1 cell line underwent
spontaneous transformation during serial culture and acquired
an aggressively tumorigenic, nonmetastatic phenotype. In the
present report, we have attempted to assess the relative effects
of spontaneous transformation of NbF-1 cells on extracellular
matrix and androgen receptor expression. Our reasons for
carrying out these experiments are: (a) transformation-associ
ated changes in androgen-sensitive mesenchymal cells have not
been described; (b) transformation of NbF-1 cells was noted to
coincide with the maintenance of a largely diploid chromosomal
number with few chromosomal changes. We reasoned, there
fore, that primary as opposed to derivative effects of transfor
mation of a prostatic mesenchymal cell type might be assessed
by studying the consequences of this transforming event; and
(c) studies using this cell line in cell recombination experiments
i/i vivo suggest that extracellular matrix components expressed
by tumorigenic NbF-1 cells, but not epithelial cells, might
promote epithelial tumor growth (14).

Consistent with previous studies using other types of cultured
mesenchymal cells, our data indicate that expression and syn
thesis of a number of ECM components declined substantially,
albeit nonuniformly, following spontaneous transformation of
the NbF-1 culture. In contrast to widespread pleiomorphic
changes in the ECM, androgen receptor expression and andro
gen sensitivity were maintained in the tumorigenic NbF-1 cells.
These results indicate that down-regulation of expression of
ECM components may precede transformation effects on an
drogen receptor expression and androgen sensitivity in prostatic
mesenchyme.

MATERIALS AND METHODS

Cell Culture Methods. NbF-1 cells were grown in a humidified
atmosphere of 95% air/5% CO2 (v/v) at 37Â°C.Culture medium was

DMEM supplemented with 5% (v/v) calf serum and streptomycin and
penicillin. Cells were harvested at confluent, saturating cell densities
(>1.3x IO5cells/cm2).

Northern Blot Hybridization. Cytoplasmic RNA was isolated from
NbF-1 cultures according to the procedure described by Maniatis et al.
(17). RNA concentration was determined by spcctrophotometric meas
urement of absorbance. For Northern blots, RNA was denatured in
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buffered formaldehyde and formamide solution and electrophoresed
through 0.9% (w/v) agarose/2.2 M formaldehyde gels in 10 mivi Tris-
HC1, 50 HIM sodium borate, and l IHM EDTA (pH 8.0). Following
eleetrophoresis, gels were stained with 1 Mg/ml ethidium bromide and
photographed. Except for the Northern blots for AR mRNA, gels were
subjected to capillary blotting using nylon hybridization membranes
(Zetaprobe; Bio-Rad, Richmond, CA). Northern blots for AR mRNA
were prepared by electrophoretic transfer onto nylon membranes with
a Hoeffer electrotransfer cell. Following transfer, membranes were
incubated for 2 h at 80Â°C.cDNA fragments corresponding to the
specified mRNAs were labeled with nP by the random oligonucleotide

method using the Multiprime labeling kit (Amersham, Arlington
Heights, IL) according to the specifications of the manufacturer. Probe-
specific activities were 5-10 x IO8cpm/^g. Membranes were prehybri-
dized at 65Â°Cfor 2 h in sealed bags containing 1 M NaCl, 10% (w/v)

dextran sulfate, and 10% (w/v) sodium dodecyl sulfate. Hybridizations
were carried out overnight in the same solution at probe concentrations
of 1 x IO6cpm/ml. Membranes were washed repeatedly in 2 x standard
sodium citrate (1 x standard sodium citrate = 0.15 M NaCl, 15 mivi
sodium citrate) at 65Â°Cwith a final wash at 65Â°Cin 0.5 x standard
sodium citrate. Autoradiography was performed at -80Â°C with an

intensifying screen and Kodak XAR film.
Hybridization Probes. Collagen I, the 850-base pair Xho\ fragment

from pAZ1002 which contains the first exon of mouse Â«2(I) collagen;
collagen III, the 1140-base pair Â£coRIfragment from pDT153 which
contains 540 base pairs of triple-helical region and 600 base pairs of c-
telopeptide and c-propeptide of human type III collagen. Collagen I
and III probes were provided by Dr. B. de Combrugghe (Department
of Molecular Genetics, The University of Texas M. D. Anderson Cancer
Center, Houston, TX). Collagen IV, the 1.8-kilobase EcoR\-Sall frag
ment from pPE123 (18) encoding mouse Â«1(IV) collagen; laminin Bl,
the 1.1-kilobase EcoRl-Sal\ fragment cloned from mouse parietal en-
doderm (19); laminin B2, the 676-base pair EcoRl-Safl fragment cloned
from mouse parietal endoderm (19). Fibronectin, the fcoRI fragment
in prlf-1 from Xrlf-1 encoding rat fibronectin (20); androgen receptor,
the 572-base pair Nrul-Hindlll fragment from rat AR cDNA (21);
actin, mouse /3-actin cDNA provided by Dr. T. Thompson (Baylor
College of Medicine, Houston, TX); vimentin, hamster vimentin from
pVim-1 (22). The 28S rRNA was visualized autoradiographically using
an RNA transcript synthesized in vitro that hybridizes to the 28S rRNA
at very high stringency. The 28S rRNA autoradiographic signal inten
sity was found to reflect the ethidium bromide staining intensity of
rRNAs prior to transfer to hybridization membranes.5

Proteoglycan and Glycosaminoglycan Synthesis. Nontumorigenic
(passage 22) and tumorigenic (passage 38) NbF-1 cells were metaboli-
cally labeled with H235SO4(0.2 mCi/ml) for 16-18 h. Proteoglycans

and glycosaminoglycans were extracted and analyzed by Mono Q aniÃ³n
exchange liquid chromatography and SuperÃ³se 12 molecular exclusion
liquid chromatography as described previously (23).

Digestions with Pronase, nitrous acid, and chondroitinase ABC were
carried out as described by Hart and Lennarz (24). Mild alkaline
hydrolysis (/Â¿-elimination)was performed by incubation at 37Â°Cfor 48

h in 0.1 M NaOH and 0.25 M NaBH4. Heparitinase digestions (200
milliunits/ml) were performed overnight at room temperature in 50
IHMTris-HCl (pH 7.0), 5 miviCaCl2, 100 mM NaCl, 100 Mg/ml bovine
serum albumin, and a protease inhibitor cocktail (25). Chondroitinase
AC digestion (200 milliunits/ml) was performed at room temperature
for 24 h in 100 mM Tris-HCl (pH 8.0). In all cases in which glycosa-
minoglycan-degrading enzymes or nitrous acid were used, parallel
control experiments were performed in which 1 mg of the appropriate
authentic glycosaminoglycan was digested. Degradation was confirmed
in each case by acetylpyridinium chloride precipitation.

DNA-synthetic Activity. NbF-1 cells of various passages were seeded
in 24-well Falcon (Lincoln Park, NJ) plastic dishes (2 x IO4cells/well)
and were exposed to a range (0-10,000 ng/ml) of DHT concentrations
in a medium composed of DMEM and a low concentration of charcoal-
treated calf serum (0.4% v/v). At 60-70% confluency the cells were
pulse-labeled for 2 h with [mrfAvY-'Hjthymidine, and the rate of DNA

synthesis was determined in the acid precipitate fraction as described
previously (16). Data were expressed as ratios of DNA synthesis be
tween DHT-treated and ethanol (vehicle)-treated samples.

Cytosolic Androgen Receptor Assay. High-affinity androgen receptor
binding analysis was performed essentially as described (26). Conven
tional NbF-1 growth medium (see "Cell Culture Methods") was re

placed with DMEM supplemented with 5% (v/v) charcoal-treated calf
serum 24 h before harvest. At harvest, cells were removed by trypsini-
zation, centrifuged at 600 x g in phosphate-buffered saline, and then
resuspended in homogenization buffer (TEDG buffer). Cells then were
centrifuged at 600 x g and resuspended again in TEDG buffer contain
ing 10 mM Na2MoO4. Cytosol was prepared by homogenization of the
cell suspension with two 10-s bursts in a Polytron at high setting. The
suspension was then centrifuged at 4Â°C,first at 8,000 x g for 15 min,

followed by recentrifugation of the supernatant at 105,000 x g for 1 h.
Aliquots (175 jil) of the 105,000 x g supernatant (cytosol) were incu
bated with pH]R1881 (87 Ci/mmol, 0.04 to 2 n\i; Du Pont-New
England Nuclear, Boston, MA) on ice for 20 h in the presence or
absence of radioinert R1881 (1 IÂ¿M)as indicated. Total cpm were
determined by removing an aliquot (25 ^1) of reaction mixture prior to
treatment with charcoal. The reaction was terminated by addition of 2
volumes of TEDG buffer containing dextran-coated charcoal [0.25%
(w/v) HCl-washed, activated charcoal and 0.0033% (w/v) dextran T-70
(Sigma Chemical Co., St. Louis, MO)]. Samples were mixed, stored on
ice for 10 min, and centrifuged at 8,000 x g for 10 min. Total cpm in
the supernatant fraction was determined by scintillation counting in 5
ml of scintillation fluid (Maxifluor). Data were plotted and analyzed
according to the conventional Scatchard method. Counting efficiency
for 'H was determined to be 44% with respect to internal standards.

RESULTS

NbF-1 Culture History and Chromosome Analysis. Establish
ment and characterization of the NbF-1 cell line, derived from
a fibroblastic outgrowth of adult rat ventral prostate gland, are
described by Chung et al. (15) and Chang and Chung (16).
Chromosome analysis indicated that the cell population had
become clonal by the 13th passage.6 Between the 25th and 30th
passages the NbF-1 culture underwent a spontaneous transfor
mation, and NbF-1 cells in subsequent passages were uniformly
tumorigenic (100% incidence of tumor formation) in the syn-
geneic (Nb) rat and in the athymic nude mouse (15). In vitro
transformation was accompanied by a pronounced change in
culture morphology as shown in Fig. 1. Pretransformed NbF-1
cells displayed a broader, more flattened fibroblastic appear
ance, which was partially retained at high cell densities, and
extensive cell spreading was evident at subconfluent densities.
Transformed (>passage 30) NbF-1 cells were smaller and spin
dle shaped, with frequent extension of cytoplasmic processes.
Cell bodies were highly refractile.

G-banding karyotypic analysis of nontumorigenic and tu
morigenic NbF-1 cultures revealed very few chromosome ab
normalities in both populations (Fig. 2). A rearrangement re
sulting in an aberrant chromosome 2 was present in the pre-
transformed NbF-1 cultures but was lost in the transformed
NbF-1 populations (not shown). A second abnormality, a tri-
somic chromosome 4 that was not present in the nontumori
genic cultures, appeared in the tumorigenic cultures. The tri-
somic 4 abnormality persisted beyond the 50th in vitro passage,
suggesting that this chromosomal defect might be required for
expression of the transformed phenotype in this cell line. The
modal chromosome (stem line) number was 42 in the nontu
morigenic cultures, the same as that of the normal diploid rat
karyotype, and 43 in the tumorigenic cultures. These results

' M. Freeman, unpublished observations. *T. C. Hsu et al., unpublished observations.
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Fig. I. Morphology of nontumorigenic (A) and tumorigenic (/f) NbF-1
fibroblasts.

indicate that while the karyotypes of both nontumorigenic and
tumorigenic NbF-1 cultures were abnormal, acquisition of tu-
morigenicity did not correlate with the appearance of extensive
chromosome abnormalities.

Extracellular Matrix Expression. The change in cellular mor
phology shown in Fig. 1 suggested that significant alterations
in expression of ECM components had occurred. In the follow
ing experiments we attempted to categorize and assess the
extent of these changes. Northern blot analyses were performed
with total RNA isolated from tumorigenic (>passage 38) and
nontumorigenic (<passage 25) NbF-1 populations. RNAs were
isolated from confluent cell cultures. Northern blots were hy
bridized with probes for seven extracellular matrix mRNAs: Â«1
and Â«2procollagen IV; laminin Bl and laminin B2; fibronectin;
Â«2procollagen I; and procollagen III. Laminin and collagen IV
were predominantly basal lamina components, whereas colla-
gens I and III are primarily interstitial ECM proteins, and
fibronectin is present at substantial levels in both basal lamina
and interstitial ECM compartments (27). Representative
Northern blots are shown in Fig. 3A. Quantitative data were
obtained by densitometric scanning of Northern hybridization
autoradiograms and are shown in Fig. 3B.

Expression of six of the seven ECM mRNAs was detectable
in NbF-1 cells. Â«1procollagen IV mRNA was detectable only
faintly with long autoradiographic exposures, and data for its
expression are omitted. Expression of the remaining six mRNA
species was found to be decreased in the tumorigenic NbF-1
RNAs compared to the nontumorigenic NbF-1 RNAs, although
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Fig. 2. Representative karyotype of tumorigenic NbF-1 cells at passage 36.
The trisomie chromosome 4 is the only consistent chromosomal abnormality
found in all metaphasc spreads and persists into late passage (>passage 51)
cultures.

the extent of decline varied considerably (summarized in Fig.
3B). The greatest degree of change was seen for Â«2procollagen
IV, for which mRNA levels were found to decline approxi
mately 17-fold. This mRNA species was present at substantial
levels in nontumorigenic NbF-1 cells, but expression was essen
tially lost in the tumorigenic cells. Relative expression of FN
mRNA was substantially less in the tumorigenic cells; however,
this decrease was roughly comparable to that seen for procol
lagen type I and procollagen type III mRNAs. Based on the
length of time required to obtain a strong autoradiographic
signal (4 h for FN), FN may be the most abundant ECM
mRNA of those tested; however, the FN probe was the only rat
cDNA utilized. Although somewhat reduced, FN mRNA is also
abundant in later passage NbF-1 cells. These results indicate
that although FN gene expression is significantly decreased by
transformation, this decrease is not as extensive as that seen
for other ECM components. Autoradiographic signals were
weakest for laminins Bl and B2, and laminin B2 exhibited the
least degree of downward change. In contrast to ECM mRNA
expression, mRNAs for cytoskeletal proteins actin and vimen-
tin were marginally increased in tumorigenic NbF-1 cells.

These data indicate that the effects of transformation on
ECM expression in NbF-1 cells are extensive and affect many
ECM genes. Therefore, we performed a separate assessment of
transformation effects on ECM; we have characterized the
nature and relative levels of proteoglycans and glycosaminogly-
cans expressed in early and later passage NbF-1 cells. Tumori
genic and nontumorigenic NbF-I cells were metabolically la
beled with H2"SO4, and the radiolabeled macromolecules that

were found within the cell layer or were released into the
medium were analyzed. As shown in Fig. 4, there were two
major charge classes of sulfated macromolecules in the cell-
associated and secreted fractions. One class eluted from the
aniÃ³nexchange resin between 0.9 and 1.2 M NaCl (peak I). The
second class eluted between 2.5 and 4.0 M NaCl (peak II).
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Fig. 3. (-4) Representative Northern blots showing relative levels of ECM and
cytoskeleton mRNAs expressed in confluent nontumorigenic (AT) and tumori-
genie (7") NbF-1 cultures. NbF-1 cells of passages 22, 24, 38. and 41 were used

in these experiments. Pr, normal rat ventral prostate RNA; kb, kilobases. Total
RNA/lane, 20 ng- (B) Relative levels of ECM and cytoskeleton mRNAs in
nontumorigenic and tumorigenic NbF-1 cells. Semiquantitative RNA expression
data obtained by densitometric scanning of autoradiograms similar to those shown
in A (n = 4 determinations Â±SEM).

Fig. 4. Chondroitin sulfate glycosaminoglycan and proteoglycan synthesis and
expression in nontumorigenic and tumorigenic NbF-1 cells. Passage 22 or passage
38 NbF-1 cells were metabolically labeled with H235SO4for 16-18 h. Proteogly-

cans were analyzed by Mono Q aniÃ³nexchange liquid chromatography (A) and
SuperÃ³se 12 molecular exclusion chromatography (B). (A) The elution profile
from Mono Q of 3sSOJ-labeled macromolecules in the cell-associated fraction
from nontumorigenic ( ) or tumorgenic ( ) NbF-1 cells. , NaCI
gradient. The material eluting with 2.5-4.0 M NaCI (peak II) was pooled for the
analyses described Â¡nB. Note that the synthesis of material in peak II was
selectively inhibited by 80-90% in tumorigenic NbF-1 cells. (B) Elution profile
from SuperÃ³se 12 of the pooled peak II material either intact (â€¢).after exhaustive
digestion with Pronase (O), or after digestion with chrondroitinase AC (A). The
elution positions of blue dextran (M, 2 x 10'; V,); dextrans with median molecular
masses of 531,000 (531 K), 71,000 (71 K), and 15.000 (/5 A'); and potassium

dichromate ( VÂ¡)are shown. Only the radioactive components eluting near V, were
sensitive to pronase digestion, indicating that they were linked to protein. Almost
all of the "SOMabeled components were sensitive to digestion with chrondroiti
nase AC. Collectively these data demonstrate that almost all of the radioactive
components Â¡npeak II consisted of chondroitin sulfate proteoglycans and glyco-
saminoglycans.

Synthesis of the material in peak II was reduced markedly (80-
90%) in the tumorigenic cells. A similar reduction was observed
by using -'H-amino acids as precursors (data not shown). The

reduction in peak II was apparent in both the cell-associated
(Fig. 44) and secreted (Fig. 4B) fractions.

Peak I components in the secreted fraction eluted in the fully
included volume of SuperÃ³se 12 (data not shown). In the cell-
associated fraction, the peak I components were distributed
over a heterogeneous size range, with hydrodynamic radii sim
ilar to oligosaccharides of A/r 50,000-200,000 (data not shown).
The peak I components were expressed to a similar extent by
both tumorigenic and nontumorigenic cells and were not char
acterized further. Peak II components were analyzed in detail.
As shown in Fig. 4B, the intact radiolabeled components in
peak II eluted in the void column volume corresponding to
polysaccharides with a molecular weight of > 1,000,000. The
mean size distribution was shifted to a major peak at approxi
mately M, 100,000 following either mild base hydrolysis or
Pronase digestion, indicating that the radioactivity was associ
ated with O-linked oligosaccharides and protein, respectively.
The two digestions also released similar amounts of products
eluting at the fully included column volume, demonstrating the
presence of a low-molecular-weight, sulfated oligosaccharides
in 0-linkage to protein. Chondroitinase AC quantitatively con
verted the radioactivity to forms eluting in the fully included
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Fig. 5. Cylosolic androgen receptor affinity and content in passage 23 (A) and
passage 40 (A) NbF-1 cells. Determinations were made by ligand exchange assay
as previously described (26). using |'H]R1881 as the radioligand.
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Fig. 6. AR mRNA in passage 24 (/VT) and passage 41 (T) NbF-1 cells.
Northern blot hybridization was performed with 20 ng total RNA/lane from
confluent NbF-1 cultures. The probe was a random oligonucleotide-labeled AVuI-
Hintflll rat AR-specific DNA fragment (21). Ethidium bromide-stained RNAs
before transfer are shown on the right. Pr, rat prostate RNA; Ep. rat prostate
epithelial cell line NbE-1, shown previously to express high-affinity AR (16).

column volume. Similar results were obtained with chondroi-
tinase ABC (data not shown). The radiolabeled components in
peak II were totally resistant to digestion with heparitinase or
nitrous acid, indicating a lack of heparan sulfate (data not
shown). These properties of the peak II components were
identical in both the cell-associated and secreted fractions. It
was concluded that peak II consisted of chondroitin sulfate and
chondroitin sulfate proteoglycans.
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Fig. 7. DNA synthetic activity in response to DHT in the indicated passages
of the NbF-1 cell line. Data are expressed as average ratios of DHT-treated versus
ethanol-added controls of three replicate assays (see "Materials and Methods").

DHT appears to exert a biphasic effect on the growth of nontumorigenic (passage
8), marginally tumorigenic (passages 30 and 31). and tumorigenic (passage 39)
NbF-1 cells.

Androgen Receptor Expression and Androgen Sensitivity in
Vitro. To determine whether the pleiomorphic effects of trans
formation extended to androgen receptor expression, we have
measured cytosolic high-affinity androgen-binding sites and
androgen receptor mRNA in early and later passage NbF-1
cells. These data are shown in Figs. 5 and 6. Cytosolic (100,000
x g supernatant) high-affinity androgen receptors are present
in both cell types (Fig. 5), with a small increase in saturable
binding sites (AmaJ in the tumorigenic NbF-1 cells. The binding
affinity constants (Aj) for the two populations are comparable
and are similar to those obtained from adult rat prostate tissue
(26). Northern blot hybridization using an AR-specific cDNA
probe indicates that roughly comparable levels of AR mRNA
are expressed in tumorigenic and nontumorigenic NbF-1 cells
(Fig. 6). These data demonstrate that ARs are expressed in the
NbF-1 cell line, consistent with the conclusion that NbF-1 cells
are androgen responsive (15, 16) and that expression at the
mRNA or protein level did not change appreciably with spon
taneous transformation.

Tumorigenic NbF-1 cells have been shown previously to be
responsive to androgen both in vivo and in vitro (15,16). To
compare patterns and extent of androgen response throughout
the NbF-1 culture history we determined the DNA-synthetic
activity in response to DHT, the active prostatic androgen.
Results are shown in Fig. 7. Mitogenic activity was demonstra
ble in very early (8th) passage cells, in marginally tumorigenic
cells (passages 30 and 31), and in tumorigenic (passage 39)
cells. The response to androgen was found to be biphasic in
most cultures, with stimulation of DNA synthesis at lower
DHT concentrations (1-100 ng/ml) and inhibition at higher
concentrations (1,000-10,000 ng/ml).
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DISCUSSION

Cell culture models of neoplastia transformation utilizing
fibroblastic cell types have relied primarily on embryonic or
otherwise poorly differentiated cell strains or immortalized
lines as cellular targets for transformation. Transformation of
unspecialized cells, however, does not provide information
about the susceptibility of phenotypes expressed by specialized
cells to transforming insults. Mesenchymal cells in vivo
throughout development and adulthood express widely differ
ent phenotypic and biochemical properties reflecting their de
velopmental fate and tissue of origin. In previous reports, our
laboratory has presented studies of a continuous, specialized
mesenchymal cell derived from adult rat prostate, the androgen-
sensitive NbF-1 fibroblast cell line (15. 16). In the present
communication we have attempted to determine how tumori-
genie transformation might alter expression of ECM compo
nents and androgen receptors in this cell line. Specifically, we
examined an unusual spontaneous transformation event in con
tinuous culture that resulted in very little gross chromosome
abnormality.

Our results indicate that widespread alteration in ECM
expression occurred coincidentally with tumorigenic transfor
mation of the NbF-1 cell culture. Expression of six ECM
mRNAs was substantially, but not uniformly, lower in the
tumorigenic compared to the nontumorigenic NbF-1 cells. In
addition, expression and synthesis of CSPG declined by 5- to
10-fold. Whereas our ECM expression results reflect those of
previous studies on the effects of in vitro transformation of
fibroblastic cell types, this study produced several interesting
and unexpected findings. Surprisingly, early passage NbF-1
cells were found to express substantial levels of procollagen IV
mRNA. This result suggests that prostatic mesenchyme can be
a source of collagen IV. The cellular origin of the molecular
constituents of basement membranes has been controversial,
although Simon-Assmann et al. (28) have demonstrated a mes
enchymal origin of collagen IV in the intestine. Procollagen IV
mRNA expression was essentially lost (i.e., reduced by about
17-fold) in the tumorigenic NbF-1 cultures. This result indicates
that the sensitivity of procollagen IV mRNA expression to
transforming insult was apparently much greater than that of
either interstitial collagens (I and III) and fibronectin, the
sensitivities of which to transformation at the RNA level have
been described previously (4, 5). Reduction in fibronectin
mRNA expression also has been found to correlate with acqui
sition of metastatic potential in the Dunning rat prostate car
cinoma system (29). Loss of basement membrane integrity or
architecture is one route by which neoplastic cells metastasize
from the primary tumor site. Our data suggest that procollagen
IV expression may be particularly sensitive to transformation
in prostatic mesenchymal cells (in culture). If aberrant mesen
chymal function were involved in epithelial carcinogenesis ( 14),
this sensitivity could potentially lead to the promotion of met
astatic events.

The reduction in CSPG synthesis and expression we observed
in the tumorigenic NbF-1 cells is consistent with the reduction
in ECM mRNAs and is an independent assessment of biochem
ical consequences of transformation of NbF-1 cells. Other
investigators have reported alterations in glycosaminoglycan
expression in tumor cells (30-34). Interestingly, our data are in
contrast to other reports of increased expression of CSPGs in
transformed cells and in human and animal tumors (32, 33,
35-37). Sulfated glycoconjugates on cell surfaces mediate sev

eral aspects of cell behavior, including the ability to traverse
extracellular passageways in development (38). Particular trans
formation-induced alterations in glycosaminoglycans may be
cell-type specific or organ specific and may be an indication of
altered biological behavior in neoplasia (34).

Considerable investigation has been focused on AR measure
ment in prostatic cells and tissues and in prostatic tumors in
an attempt to understand the process by which transformed
prostate cells lose androgen dependence or responsiveness.
However, the role of the androgen receptor, its potential inac-
tivation, or the consequences of its expression in prostate cancer
cells or in surrounding stroma are still poorly understood. There
is a strong possibility that the AR may be directly involved in
prostatic disease because of its role as a growth regulator (39)
and as a transcription factor (21).

In the present study, we find expression of the AR and
androgen sensitivity to be retained following the transformation
event that occurred in the NbF-1 culture. Thus, androgen
response pathways in prostate mesenchymal cells may not be
sensitive initially to transforming events that have otherwise
profound biochemical and behavioral effects. Because our data
were obtained from a mesenchymal cell type, the relevance to
epithelial transformation remains to be demonstrated; however,
it is conceivable that the androgen-independent state may be a
later event in tumorigenic transformation of prostatic epithe
lium as well and may occur in concert with the acquisition of
responsiveness to other growth-promoting factors (40, 41).

The role of mesenchyme as a target for androgen action in
rodent urogenital development has been well established (9-11,
41, 42). The mechanisms by which stromal cells contribute to
pathological and neoplastic states are just beginning to be
elucidated. There have been reports of fibroblastic cells derived
from carcinomas that exhibit embryonic or transformed char
acteristics (43, 44). Likewise, cell and tissue recombination
studies have demonstrated that mesenchyme can profoundly
alter the growth and behavior of experimental epithelial tumors.
Tumorigenic NbF-1 fibroblasts were found previously to be
capable of altering hormonal responsiveness of prostatic epi
thelium in vitro ( 16) and to dramatically induce epithelial tumor
growth in vivo (14). It is likely that specific stroma-derived
ECM components are involved in the promotion of epithelial
tumor growth in vivo (14). In embryonic glandular epithelium,
loss of glycosaminoglycan at the epithelial-mesenchymal inter
face is associated with outgrowth of epithelial acini (45). In
concert with alterations in ECM expression or in responsive
ness to growth factors, androgens might have dramatic growth-
promoting activities in aberrant mesenchymal cells associated
with transformed urogenital epithelium. Studies of the mecha
nisms of stromal involvement in urogenital tumor growth are
continuing in our laboratory.
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