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ABSTRACT

The in vitro and in vivo growth of ConS cells, a single cell-derived
subclone of the 13762NF-transplantable rat mammary adenocarcinoma,
is strongly suppressed by glucocorticoid hormones. Hybrids were formed
between glucocorticoid-suppressible Con8.hD6 mammary tumor cells
(ConS transfected with the histidinol dehydrogenase selectable marker)
and either glucocorticoid-resistant 8RUV7 mammary tumor cells (derived
from ConS) or MCT-HTC rat hepatoma cells. Both of the glucocorticoid-
resistant 8RUV7 and MCT-HTC fusion partners express functional
glucocorticoid receptors, since hormone-responsive genes such as plas-
minogen activator inhibitor are fully dexamethasone inducible. Kary-
otypic analyses revealed that the hybrid cell populations possessed the
appropriate number of chromosomes for a fusion between the glucocor
ticoid-suppressible and either of the two resistant cell types. Moreover,
Northern blots showed that the intertissue hybrids expressed transcripts
for both the milk fat globule membrane protein gene originating from the
parental ConS.hDo mammary tumor cells as well as mouse mammary
tumor virus glycoprotein sequences which had been transfected into the
MCT-HTC hepatoma cells as a molecular tag. Analysis of DNA content
and |'H|thymidine incorporation demonstrated that growth of both the
intratissue (ConS.hDo x 8RUV7) and intertissue (ConS.hDo x MCT-
HTC) hybrids was glucocorticoid suppressible, even though the absolute
rates of proliferation differed depending on the parental cells. Analysis
of conditioned medium isolated from glucocorticoid-treated and untreated
Con8.hD6 cells indicated that the growth suppression response is not
mediated through the elaboration of an extracellular growth inhibitor.
Taken together, our results demonstrate that the glucocorticoid-suppres
sible phenotype of ConS rat mammary tumor cells is dominant, suggesting
the existence of intracellular regulatory factors under glucocorticoid
control that may function as trans-acting suppressors of tumor cell
growth.

INTRODUCTION

Glucocorticoids play a fundamental role in the development
and physiological control of animal tissues and have been shown
to modulate the proliferation of certain types of normal and
transformed cells (1-10). For instance, the in vivo administra
tion of glucocorticoids to immature animals causes a dramatic
inhibition of somatic growth (11), while the in vivo growth of
several types of epithelial cell tumors has been shown to be
sensitive to the antiproliferative effects of glucocorticoids ( 12).
In some cases this inhibition is maintained in vitro (9, 10, 13).
The effects of glucocorticoids on mammary cells are complex,
since this class of steroids is essential for the differentiation of
normal mammary tissue (14, 15). Depending on the cell and
tumor type, glucocorticoids can either support, have no effect
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on, or suppress the growth of normal or transformed mammary
cells (8, 10, 12, 16). Moreover, individual cell types within the
same tumor can display different glucocorticoid-responsive
growth properties. For example, one type of 7,12-dimethyl-
benz(Â«)anthracene-induced rat mammary tumor was shown to
consist of glucocorticoid-suppressible fibrosarcoma cells as well
as steroid-insensitive epithelial cells (16). Other in vivo studies
suggest that glucocorticoids inhibit the proliferation and induce
the differentiation of certain initiated rodent mammary cells
which may account for the greater malignancy observed after
adrenalectomy (17, 18).

Investigation of the molecular details of the glucocorticoid
growth suppression pathway in mammary tumors requires a
clonal population of mammary tumor cells that displays an in
vitro proliferative response characteristic of the tumor of origin.
We have established that one such system is the ConS rat
mammary tumor cell line, which was derived by collagenase
dissociation from the 13762NF rat mammary adenocarcinoma
and expresses mammary tumor markers in culture (19). Several
earlier studies established that glucocorticoids suppress the in
vivo growth of 13762NF rat mammary adenocarcinoma (12,
13). Consistent with these results, we recently demonstrated
that physiological concentrations of glucocorticoid hormones
strongly inhibited the in vitro growth of ConS mammary tumor
cells both on plastic substratum and in soft agar (19). Moreover,
when inoculated into the fat pads of Fischer 344 rats, glucocor-
ticoid-sensitive ConS cells and glucocorticoid-resistant 8RUV7
variants, which were derived from ConS tumor cells (19), pro
duce tumors which maintain their corresponding in vitro-char-
acterized glucocorticoid-responsive growth properties.4 Our re

sults suggest, therefore, that the in vivo growth suppression of
the 13762NF mammary adenocarcinoma reflects the direct
action of glucocorticoids on these epithelial tumor cells.

The mechanism underlying the glucocorticoid growth
suppression response in ConS mammary tumor cells is as yet
unknown, but clearly requires functional glucocorticoid recep
tors, an appropriate hormonal environment, and most likely
changes in the expression of both growth-stimulatory and
growth-inhibitory regulatory factors (19). Recent studies have
shown that glucocorticoids, after binding to their cognate re
ceptor, can have either positive or negative effects on gene
transcription (1, 20, 21). The direction of regulation depends
on both protein-protein interactions, such as with the j'un/fas

transcription complex (22-25), as well as the particular DNA
recognition sequence within the upstream regulatory region
(20, 21, 26, 27). One possibility for the antiproliferative effects
of glucocorticoids on ConS rat mammary tumor cell growth is
that glucocorticoids induce or activate growth suppression gene
products which prolong the current cell cycle or prevent entry
into the next cell cycle. An alternative explanation is that, in
cycling cells, there are dominantly acting stimulatory products
which are no longer expressed or active in glucocorticoid

4 L. Goya and G. L. Firestone, unpublished observation.
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growth-suppressed cells. To distinguish between these possibil
ities and to gain further insight into the mechanism of the
glucocorticoid growth suppression response, we have fused
glucocorticoid-suppressible ConS rat mammary tumor cells
with either the 8RUV7 growth suppression-resistant variant,
which is derived from ConS mammary tumor cells and contains
extra copies of the wild-type glucocorticoid receptor gene (19),
or rat hepatoma cells that constitutively proliferate in the
presence of glucocorticoids. Our results show that, in both sets
of hybrid cells, the glucocorticoid-dependent suppression of
cellular growth is the dominant phenotype.

MATERIALS AND METHODS

Materials. DME5:F12 (50:50) and calf serum were supplied by the

cell culture facility at the University of California, San Francisco.
Dexamethasone was obtained from Sigma Chemical Co., St. Louis,
MO. ("SjMethionine (1150 Ci/mmol), [a-"P]dCTP (3000 Ci/mmol),
['H]thymidine (25 Ci/mmol) and Multiprime DNA labeling kits were

from Amersham Corp. (Arlington Heights, IL). Colcemid was pur
chased from GIBCO Laboratories (Santa Clara, CA). Plasminogen
activator inhibitor antiserum was generously provided by Thomas D.
Gelehrter (University of Michigan Medical School, Ann Arbor, MI).
The cDNA probe to the milk fat globule membrane glycoprotein was
kindly provided by Gordon Parry (Lawrence Berkeley Laboratory,
Berkeley, CA). All other reagents were of the highest available purity.

Cells and Method of Culture. ConS is a single cell-derived epithelial
subclone recovered after collagenase digestion of the 13762NF hor
mone-responsive rat mammary adenocarcinoma (19). 8RUV7 cells are
a derivative of ConS that were transfected with extra copies of the wild-
type rat glucocorticoid receptor gene and were selected for resistance
to growth suppression. 8RUV7 cells express the bacterial neomycin
resistance gene (19) and are resistant to normally lethal concentrations
of the neomycin analogue G418. Con8.hD6 cells were established by
transfecting ConS cells with pHisD (encoding histidinol dehydrogenase
gene) according to the lipofectin method (28). Transfectants were
selected after 3 wk of exposure to 7.5 mM histidinol. A single cell-
derived subclone which maintains its glucocorticoid-sensitive pheno
type was isolated and designated Con8.hD6. MCT-HTC cells are rat
HTC hepatoma cells cotransfected with a mutant MMTV glycoprotein
gene that encodes a truncated glycoprotein missing its cytoplasmic tail
and with the bacterial neomycin resistance gene (29). Cell cultures were
routinely grown in DME:F12 (50:50) supplemented with 10% calf
serum on Corning tissue culture plates at 37Â°Cin a humidified atmos

phere of ainCOj (95:5%).
Cell Proliferation Assays. Cells were routinely plated at a density of

10,000 cells/cm2 onto Corning 24-multiwell plates in serum-supple

mented medium. After 24 h, cells were washed twice with DME:F12,
and the medium was changed to the indicated experimental conditions.
At designated times the medium was aspirated, and the cells were rinsed
with PBS and fixed in 70% ethanol. The cell number in each well was
calculated by determining total DNA content by a fluorometric 3,5-
diaminobenzoic acid dihydrochloride assay as previously described (30).

DNA Synthesis Assays. Cells were plated and grown in the appro
priate experimental medium as described above for cell proliferation
assays. After 48 h, quadruplicate sets of cells were pulsed for 2 h with
1 MCiof [3H]thymidine to monitor DNA synthesis. The medium was

then aspirated, and cells were washed 3 times for 10 min each in 10%
TCA at 4Â°Cand once in 5% TCA and then dissolved in 0.3 ml of 0.5
N NaOH. The entire reaction mixture was analyzed for ['Hjthymidine

incorporation by liquid scintillation counting.
Cell Fusions. Equivalent numbers of cells (2.5 x IO6) of ConS.hDo

and either of its fusion partners (8RUV7 mammary tumor cells or

'The abbreviations used are: DME, Dulbecco's modified Eagle's medium;

PAI. plasminogen activator inhibitor: MFGM, milk fat globule membrane pro
tein; MMTV, mouse mammary tumor virus; cDNA, complementary DNA; F12,
Ham's F-12 medium; PBS, phosphate-buffered saline; TCA, trichloroacetic acid;
SDS, sodium dodecyl sulfate; MOPS, 3-(yV-morpholino)propane sulfonic acid.

MCT-HTC hepatoma cells) were mixed and allowed to attach to the
substratum for 6 h. Cells were fused with polyethylene glycol/dimethyl
sulfoxide and allowed to recover as previously described (31, 32). After
24 h, the appropriate drug-containing medium (1 mg/ml of G418 and
7.5 mM histidinol) was added to selectively permit the growth of hybrids
for at least 3 wk prior to experimental manipulation. Both the
ConS.hDo x 8RUV7 and ConS.hDo x MCT-HTC hybrids were main
tained in the selective medium throughout the course of all experiments.
Fused parental cells were maintained in either G418 or his! idÂ¡noI
containing medium.

Chromosome Content. Subconfluent cells were treated with 0.1 MM
Colcemid for 4 h, harvested by trypsinization, and swollen in hypotonie
buffer (40 mM KC1:25 mM sodium citrate) for 20 min at 37Â°C.Cells

were fixed in an equal volume of acetic acid:methanol (1:3), and slides
were prepared for Giemsa staining as described (33). The chromosomes
of each of the parental cell types and stable hybrids in 10 metaphase
spreads were examined by light microscopy, and the average number
and range were determined.

Isolation and Assay of Conditioned Medium. ConS.hDo cells were
grown for 2 days with or without 1 MMdexamethasone to the same
final cell density, and the conditioned medium was harvested. To
remove any cell debris, the medium was centrifuged at 600 x g for 5
min, and aliquots of the supernatants were added directly to the
indicated cells in 24-multiwell plates. After 24 h, DNA synthesis was
assayed as described above.

Isolation of Cytoplasmic RNA and Assay for Milk Fat Globule Protein
and MMTV Transcripts. Parental cells and hybrids were grown to
subconfluency, washed with PBS, harvested, and pelleted by 500 x g
centrifugation. Cells were resuspended in ice-cold 10 mM Tris-HCl (pH
7.5): 1.5 mM MgCl2:200 mM NaCl:l% Nonidet P-40:200 Mg/ml of
heparin) and incubated for 5 min on ice. Nuclei were pelleted by low-
speed centrifugation, and the resulting supernatants were brought to a
final concentration of 1.6% SDS and then extracted twice with equal
volumes of phenol-chloroform. The RNA in the upper aqueous phase
was precipitated with sodium acetate and ethanol by standard proce
dures. Ten Mgof cytoplasmic RNA were first denatured by heating at
65"C for 5 min in the presence of 1x MOPS containing 50% formamide

and 6% formaldehyde and then electrophoretically fractionated in 1%
agarose gels containing Ix MOPS and 6% formaldehyde. The fraction
ated RNA was blotted onto Nytran filters (Schleicher & Schuell, Keene,
NH) which were then backed at 80Â°Cfor 2 h. The quality and quantity

of RNA transferred to the filters were determined by staining in 0.02%
mÃ©thylÃ¨neblue. Filters were hybridized at 42Â°Cwith [a-32P]dCTP-

labeled cDNA probes specific for either the milk fat globule protein or
for MMTV glycoprotein sequences. Blots were washed and autoradi-
ographed as described previously (4).

Immunoprecipitation of Plasminogen Activator Inhibitor and Electro-
phoretic Analysis. Parental cells and hybrids were grown in the presence
or absence of 1 MMdexamethasone in serum-containing medium for 48
h, washed with PBS, and incubated for 18 in 4 ml of methionine-free
DME and 25 MCi/ml of ['5S]methionine. with or without dexametha

sone. Extracellular fractions were harvested and clarified by centrifu
gation, and equivalent amounts of radioactivity were immunoprecipi-
tated with plasminogen activator inhibitor antiserum as previously
described (19). Immunoprecipitated proteins were electrophoretically
fractionated in 10% SDS-polyacrylamide gels and analyzed by
autoradiography.

RESULTS

Proliferative and Hormone-responsive Properties of Glucocor
ticoid-sensitive and -resistant Tumor Cells Containing Selectable
Markers. As a prerequisite for the formation of hybrid cells to
ascertain which of the glucocorticoid-sensitive and -resistant
phenotypes is functionally dominant, complementary selectable
markers needed to be incorporated into the genetic backgrounds
of the parental cells. Therefore, to provide glucocorticoid-sup
pressible ConS cells with a selectable marker, cells were trans-
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fected with pHisD, which contains the bacterial histidinol de-

hydrogenase gene driven by the Simian Virus 40 early promoter
(34). Histidinol is normally toxic to mammalian cells, and the
presence of histidinol dehydrogenase converts histidinol to the
nontoxic histidine. Single cell-derived colonies of resistant cells
were recovered in selective medium containing 7.5 HIMhistidi
nol; one such subclone (ConS.hDÃ³) was isolated, and its growth
properties were characterized. The effects of the synthetic glu-
cocorticoid dexamethasone on cell growth were monitored over
5 days in the presence of 10% calf serum by determining the
total DNA content using a diaminobenzoic acid fluorescence
assay (30, 35). As shown in Fig. IA, dexamethasone signifi
cantly inhibited ConS.hDÃ³ cell growth. Glucocorticoid-treated
cells undergo less than one cell population doubling during the
5-day time course compared with the approximate 4 population
doublings observed in untreated cells. Thus, the isolation of
histidinol dehydrogenase-expressing subclones did not preclude
the glucocorticoid growth suppression response in these mam
mary tumor cells.

The growth properties of the two potential fusion partners
for ConS.hDÃ³ cells, which are resistant to the growth suppres
sion effects of glucocorticoids, were also examined over a 5-day
time course. The 8RUV7 mammary tumor cell variant already
expresses the neomycin resistance gene, since it was contained
within the recombinant retroviral expression vector originally
used to introduce extra copies of the wild-type glucocorticoid

receptor genes into these cells (19). In contrast to ConS.hDÃ³
cells, the 8RUV7 variant proliferates with essentially identical
kinetics in the presence or the Absence of dexamethasone (Fig.
IB). Notably, the growth kinetics of dexamethasone-treated
8RUV7 was similar to that of untreated ConS.hDÃ³ cells. MCT-
HTC is a rat HTC hepatoma-derived cell line transfected with
a mutated MMTV envelope glycoprotein and also contains the
neomycin resistance gene (29). Analysis of total DNA content
over a 5-day time course revealed that dexamethasone does not
affect MCT-HTC cell growth (Fig. 1C), while the absolute
growth rate is somewhat higher than that of untreated
ConS.hDÃ³ cells. MCT-HTC hepatoma cells therefore represent
a glucocorticoid-resistant fusion partner for ConS.hDÃ³ cells
from a different tissue source.

To demonstrate that 8RUV7 and MCT-HTC cells are not
globally defective in their glucocorticoid-responsive properties,
the production of secreted PAI, a known glucocorticoid-respon
sive gene (36), was examined in dexamethasone-treated and
-untreated cells. The secreted fractions from ["Sjmethionine-
labeled ConS.hDÃ³, 8RUV7, and MCT-HTC cells were immu-
noprecipitated with anti-PAI antibodies, and the glucocorti-
coid-regulated production of PAI was determined by SDS-

polyacrylamide gel electrophoresis and autoradiography. As
shown in Fig. 2, Lanes A versus B, C versus D, and G versus //,
all three cell populations completely induced PAI in response
to dexamethasone, demonstrating the presence of functional
glucocorticoid-responsive pathways.

Selection of Somatic Cell Hybrids between Glucocorticoid-
sensitive ConS.hdo and Glucocorticoid-resistant 8RUV7 or
MCT-WT Cells. Glucocorticoid-suppressible ConS.hDÃ³ cells
were fused using polyethylene glycol either to the 8RUV7
glucocorticoid-resistant mammary tumor cell line or to MCT-
HTC glucocorticoid-resistant hepatoma cells. Cell hybrids were
recovered at a frequency of approximately 2 x 10~5by selection

in medium supplemented with both 1 mg/ml of G418 and 7.5
HIMhistidinol; this selective medium kills each of the parental
cells (summarized in Table 1). Homofusions were also per-
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Fig. 1. Effects of dexamethasone on the growth of glucocorticoid-suppressible
and -resistant mammary tumor and hepatoma cells. ConS.hDÃ³ mammary tumor
cells (A), glucocorticoid-resistant 8RUV7 mammary tumor cells (B), and MCT-
HTC rat hepatoma cells (C) were plated at a density of 10,000 cells/cm2 in
medium supplemented with 10% calf serum. After 24 h (Day 0), the medium was
replaced, and parallel sets of cultures were grown in the presence or in the absence
of 1 /JMdexamethasone (DEX). At the indicated times, cells were fixed in ethanol,
and DNA content was monitored by a fluorometric 3,5-diaminobenzoic acid
dihydrochloride assay as described in the text. Points, average of triplicate
samples.

formed for each parental population to control for either the
fusion procedure or population drift affecting the glucocorticoid
growth response.

Karyotypic analyses of the three parental populations indi
cated that they were highly aneuploid, having mean numbers
of 64, 67, and 60 chromosomes for ConS.hDÃ³, 8RUV7, and
MCT-HTC cells, respectively (Table 1). The hybrid populations
possessed the appropriate number of chromosomes for a fusion
between the two parental nuclei (means of 120 for ConS.hDÃ³
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CON8 hD6 CON8.hD6
X X

CON8.hD6 8RUV7 8RUV7 MCT-HTC MCT-HTC

A B C DE F G HI J

DEX â€”¿�4- -+-+-+ - +

Fig. 2. Dexamethasone regulation of secreted plasminogen activator inhibitor
in the fusion partners and stable hybrids. Parental cells (Con8.hD6, Lanes A and
B: 8RUV7, Lanes C and D; and MCT-HTC, Lanes G and H) and stable hybrids
(Con8.hD6 x 8RUV7, Lanes E and F; Con8.hD6 x MCT-HTC, Lanes I and /)
were treated in the presence (Lanes B, D, F, H, and 7) or absence (Lanes A, C, E,
G, and /) of 1 JIM dexamethasone for 24 h. Cells were radiolabeled with
["Sjmethionine and immunoprecipitated with anti-plasminogen activator inhibi
tor antibodies, immunoreactive material was fractionated in SDS-polyacrylamide
gels, and radioactive proteins were visualized by autoradiography as described in
the text. The arrow marks the electrophoretic mobility of PAI.

Table 1 Drug resistance and chromosome counts of parental cells and stable
hybridsDrug

resistance"Cell

types 7.5 mM histidinol 1 mg/ml ofG418Con8.hD6

+
8RUV7 - +
MCT-HTC +
Con8.hD6 x 8RUV7 + +
Con8.hD6 X MCT-HTC + +Chromosome

no."64

Â±
61 Â±
60 Â±

120 Â±
116Â±3C

3
3
6
6

" Survivability in combinations of histidinol and/or G418 was determined by

continuous culture in the indicated drug concentrations. G418 is a neomycin
analogue.

* Chromosome counts were determined by Giemsa staining as described in the

text.
' Mean Â±SD of 10 metaphase spreads.

x 8RUV7 and 116 for ConS.hdÃ³ x MCT-HTC). The homo-
fusions, which were not subject to selective pressure to remain
fused, contained the parental number of chromosomes (data
not shown). Moreover, the expression of secreted PAI is effi
ciently stimulated by dexamethasone in both sets of hybrid cell
populations (Fig. 2, Lanes E versus F and / versus ./), demon
strating that the fusion procedure per se did not affect the
glucocorticoid-responsive properties of the fused cells.

As a further indication of the hybrid nature of the intertissue
cell fusion (mammary Con8.hD6 x hepatoma MCT-HTC),
Northern blot analysis demonstrated that the G418/histidinol-
resistant cells expressed transcripts encoding cell surface mark
ers of both parental cells. As shown in Fig. 3, the Con8.hD6
parental cells express cell surface milk fat globule membrane
protein genes not produced in HTC hepatoma cells (Lane A
versus F), whereas the MCT-HTC cells express MMTV glyco-

protein sequences not found in the rat mammary tumor cells
(Lane I versus D). Northern blot analysis further revealed that
the mammary-hepatoma cell hybrids express both of these
parental cell-specific gene markers (Fig. 3, Lanes E and J). As
expected, the Con.8hD6 x 8RUV7 intratissue hybrids ex

pressed MFGM transcripts but not MMTV sequences (Fig. 3,
Lane C versus H). MÃ©thylÃ¨neblue staining demonstrated that
approximately equivalent amounts of total cytoplasmic RNA
isolated from the parental or hybrid cell type were transferred
to the filters (data not shown).

Dominance of the Glucocorticoid-sensitive Growth Suppres
sion Phenotype. To assess the effects of glucocorticoids on the
growth of both populations of stable hybrids, cells were seeded
at a density of 10,000 cells/well and cultured in the presence
or absence of 1 ^M dexamethasone, and total DNA content was
monitored over a 5-day time period. As shown in Fig. 4, the
growth of both the intratissue (A, Con8.hD6 x mammary
8RUV7) and the intertissue (B, mammary Con8.hD6 x hepa
toma MCT-HTC) cell hybrids was strongly suppressed by dex
amethasone. The growth suppression response displayed by the
intratissue hybrids was approximately the same as that of the
parental Con8.hD6 cells (Fig. 4A versus Fig. IA). The intertis
sue hybrids appeared to be somewhat less sensitive to glucocor
ticoids than were Con8.hD6 cells, which may reflect the rela
tively rapid growth rate of the hepatoma cell fusion partner. In
parental cells subjected to the fusion procedure, the population
doubling times in the presence or in the absence of glucocorti
coids were similar to those of the corresponding unfused parents
(data not shown).

The dominant growth suppression effect of glucocorticoids
was further tested by examining changes in DNA synthesis of
fused parental cells and hybrids after 48-h treatment in the
presence or in the absence of dexamethasone. Cells were pulse
labeled with [3H]thymidine for 1 h to determine relative rates
of DNA synthesis; as expected, the absolute level of [%H]thy-

midine incorporation varied within each cell type. In the ab
sence of dexamethasone, the level of ['Hjthymidine incorpora

tion into the hybrids reflected that of the glucocorticoid-resist-
ant mammary or the faster proliferating hepatoma phenotypes
(Fig. 5A). Consistent with the results from the time course
experiments, dexamethasone suppressed the ['Hjthymidine in

corporation of both sets of stable hybrids as well as parental
Con8.hD6 cells, whereas this steroid had no effect on DNA

kb
4.4â€”

2.4-1

ABODE

MFGM

1.4-

F G H I J
7.5-

4.4-

2.4-

MMTV

Fig. 3. Expression of mammary- and hepatoma-specific marker genes in
parental cells and stable hybrids. Total RNA was isolated from Con8.hD6 (Lanes
A and F) and 8RUV7 (Lanes B and G) mammary tumor cells. MCT-HTC rat
hepatoma cells (Lanes D and /), Con8.hD6 x 8RÃ›V7 Â¡ntratissuestable hybrids
(Lanes C and H), and Con8.hD6 x MCT-HTC intertissue stable hybrids (Lanes
E and J) as described in the text. Electrophoretically fractionated RNA was
blotted onto Nytran filters and hybridized with cDNA probes to either MFGM
transcripts (top) or MMTV transcripts (bottom). MFGM provides a marker gene
for Con8.hD6 and 8RUV7 parental mammary tumor cells, while MMTV repre
sents a marker gene for the MCT-HTC parental hepatoma cells.
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05
5 12 h

Days in culture

Fig. 4. Effects of dexamethasone on the growth of intratissue and Â¡ntertissue
stable hybrids. Intratissue (A, Con8.hD6 x 8RU V7) and Â¡ntertissue(B. Con8.hD6
x MCT-HTC) stable hybrids were plated at a density of 10.000 cells/cm2 in

medium supplemented with 10% calf serum. After 24 h (Day 0). the medium was
replaced, and parallel sets of cultures were grown in the presence or in the absence
of l JIMdexamethasone (DEX). At the indicated times, cells were fixed in ethanol.
and the DNA content was monitored by a fluoromelric 3.5-diaminobenzoic acid
dihydrochloride assay as described in the text. Points, average of triplicate
samples.

synthesis of the glucocorticoid-resistant mammary tumor and
hepatoma cells (Fig. 5A). Importantly, the relative growth
suppression induced by dexamethasone in both the intratissue
and intertissue hybrid cells was essentially identical to that of
the Con8.hD6 glucocorticoid-sensitive parental cell (Fig. 5B).
Taken together, these results demonstrate that the glucocorti
coid-sensitive, growth-suppressible phenotype is dominant to
the glucocorticoid-resistant phenotype of both mammary tumor

and hepatoma cells.
Suppression Is Not Mediated through the Elaboration of a

Secreted Growth Inhibitor. One possible explanation for the
ability of Con8.hD6 cells to confer their growth-suppressible
phenotype in fusions with glucocorticoid-resistant cells is the
secretion of an autocrine-acting growth inhibitor which is nor
mally not produced by the glucocorticoid-resistant cells but to
which they may be competent to respond. To test this possibil
ity, conditioned medium was collected from equal final numbers
of ConS.hdo cells treated for 2 days with or without glucocor-
ticoids and was added back to growing Con8.hD6 mammary
tumor cells as well as to glucocorticoid-resistant 8RUV7 mam

mary tumor cells or to MCT-HTC hepatoma cells. After 24 h,
DNA synthesis was assayed by [3H]thymidine incorporation.
As shown in Table 2, the conditioned medium from glucocor-
ticoid growth-suppressed CON8.hD6 cells had no inhibitory
effects on either of the glucocorticoid-resistant mammary or
hepatoma fusion partners, demonstrating that the actions of
only extracellular activities cannot account for the glucocorti-
coid growth suppression response. The inhibition of Con8.hD6
DNA synthesis was due to the dexamethasone in the condi
tioned medium. Thus, the dominance of the growth-suppressi
ble phenotype of Con8.hD6 mammary tumor cells minimally
requires the actions of intracellular regulatory factors.

DISCUSSION

Our previous studies demonstrated that glucocorticoids di
rectly inhibit the in vitro growth of Con8 mammary tumor cells,
which are derived from the 7,12-dimethylbenz(Â«)anthracene-
induced 13762NF rat mammary adenocarcinoma (19). The
dominant effects of this growth-suppressible phenotype were
demonstrated by generating stable cell hybrids between gluco-
corticoid-suppressible Con8.hD6 cells and either glucocorti
coid-resistant mammary or hepatoma cells. Proliferation of
either the intratissue or intertissue hybrid cells was suppressed
by dexamethasone to approximately the same extent as in the
glucocorticoid-sensitive parental cells. Notably, this dominant
response occurred in the rapidly growing intertissue cell hybrids
with hepatoma cells as the growth-resistant fusion partner. The
dominance of the mammary tumor growth-suppressible phe
notype in the intertissue cell fusions further suggests that the
growth-inhibitory signal transduction pathways within the
mammary tumor and hepatoma cells may have functionally
analogous components and/or final targets in common to both
cell types. Exposure to conditioned medium isolated from glu-
cocorticoid-suppressed Con8.hD6 had no inhibitory effects on
the growth of either growth-resistant cell line, which suggests
that the dominance of the growth suppression phenotype is
mediated by intracellular factors that regulate mammary tumor
cell growth.

Glucocorticoids. after binding to their cognate receptor, can
have either positive or negative effects on gene transcription
which results from receptor interactions with particular DNA
recognition sequences within regulated genes or with certain
transcription factor proteins (1, 20-27). Dominance of the
glucocorticoid growth suppression phenotype suggests the ex
istence of hormone-inducible gene products in Con8.hD6 cells
that can act in trans to inhibit growth of the hybrid cell lines.
It is therefore intriguing to consider that, based on the known
mechanism of action of glucocorticoids, the antiproliferative
effects of dexamethasone on Con8 rat mammary tumor cell
growth are mediated directly by the stimulation of synthesis of
regulatory components of the growth suppression signal trans
duction cascade which may, for example, prevent entry into the
next cell cycle. Alternatively, glucocorticoid-inducible gene
products may functionally activate growth suppression gene
products and/or may reduce the expression of growth-stimula
tory regulatory factors. Our cell fusion results do, however, rule
out the possibility that the glucocorticoid-resistant cells produce
dominantly acting stimulatory factors that can override the
glucocorticoid growth suppression response. Moreover, since
the 8RUV7 glucocorticoid-resistant variants contain excess
copies of wild-type glucocorticoid receptor genes (19) and the
MCT-HTC cells express fully functional glucocorticoid recep-
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tors, the dominant nature of the glucocorticoid growth suppres
sion phenotype cannot be explained by the Con8 mammary
tumor cells simply complementing defective receptors in the
8RUV7 and MCT-HTC cells. These results are generally con
sistent with previous studies which show that the glucocorti-
coid-induced lysis function in lymphoma cells is a dominant
response (37, 38).

Somatic cell hybrids between untransformed and transformed
cells have been effectively used to support the concept that
normal cells can express dominant-acting tumor suppressor
gene products which protect them from progression into the
tumorigenic state (39-41). Comparable to our results, the
suppression of tumorigenicity in stable hybrids can occur using
parental cells of different tumor types and tissue origin (39,
40). One study demonstrated that immortalized human mam
mary epithelial cells express dominant acting tumor suppressor
activities when fused to MCF-7 human mammary cancer cells
that affect a variety of cellular characteristics, including cellular
morphology, growth factor requirements, and angiogenic ca
pabilities (42). To date, only a small number of putative tumor-
suppressor genes have been identified (43). These include RB,
WT, and p53 which have been localized to the nucleus (44-46),
DCC which is a transmembrane protein (47), and NF-1 which
may play a role in the ras signal transduction pathway (48).
Conceivably, transformed cells can express certain tumor sup
pressor activities if induced by appropriate extracellular signals.
It is therefore tempting to speculate that the dominant acting
regulatory factors controlling the glucocorticoid growth
suppression response may function similarly to some of the
proposed tumor suppressor activities, since cellular prolifera
tion plays an important role in the progression to transforma
tion and maintenance of the tumorigenic state (49).

Dominant acting steroid-regulated genes, analogous to those
we have genetically defined to be involved with the growth
suppression response of Con8.hD6 mammary tumor cells, may
potentially play an important role in the etiology of human
breast cancers. Consistent with this notion, in approximately
10% of human breast cancers and in many rodent tumors,
pharmacological administration of glucocorticoids led to tumor
regression (50, 51). Moreover, for certain classes of hormone-

dependent breast cancers, progestin therapy has been used to
regress tumors in human patients (52). The effects of progestins
can also be observed in vitro; for example, progesterone sup
presses the growth of T-47D human mammary tumor cell
cultures (53). Taken together, data from several studies have

Table 2 Effects ofConS.HDo cell-conditioned medium on the DNA synthesis of
mammary tumor and hepatoma cells

DNA synthesis was monitored by the incorporation of ['H|thymidine into
DNA after a 1-h pulse of radiolabel as described in the text.

Incorporation of [5H]thymidine (cpm)

after the addition of

Cell type
-Dexamethasone-conditioned +Dexamethasone-conditioned

medium" medium*

Con8.hD6
8RUV7
MCT-HTC

44.085 Â±3,303f

51.136 Â±1,566
62.270 Â±3,272

19.567 Â±3,518
54,693 Â±6,279
67.206+ 10,477

Â°The conditioned medium was harvested from Con8.hD6 cells cultured in the

absence of dexamethasone for 2 days and added directly to the indicated cell
cultures.

* The conditioned medium was harvested from Con8.hD6 cells cultured in the

presence of 1 Â¿<Mdexamethasone for 2 days and added directly to the indicated
cell cultures.

e Mean Â±SD of triplicate samples.

revealed that, depending on the mammary cells, different ste
roids can have direct inhibitory effects on tumor cell prolifera
tion. The emergence of cell variants insensitive to the growth
suppression effects of steroids, such as the glucocorticoid-re-
sistant 8RU V7 cells used in our study ( 19) as well as the recently
described progesterone-resistant T-47D variants (53), can occur
in cells that possess functional steroid receptors. Also, the
androgen-insensitive S115 mouse mammary tumor cells rapidly
proliferate in the absence of testosterone, even though these
cells possess functional steroid receptors and are derived from
tumor cells which require androgens for growth (54). We hy
pothesize, therefore, that the steroid-resistant state observed
both in vivo and in vitro (53) may be due to the selective loss in
postreceptor signalling that normally leads to the activation or
induction of dominant acting growth suppression genes. It will
be important to understand the transduction cascades in such
postreceptor processes in order to eventually develop appropri
ate drug therapies for steroid-insensitive human breast cancers.

Before the precise mechanism underlying the glucocorticoid
growth suppression response in Con8 rat mammary tumor cells
can be determined, individual hormone-regulated genes that
modulate the proliferative response need to be identified. As a
first step, the cell fusion experiments in this study support the
existence of functionally dominant regulatory factors that par
ticipate in, and perhaps mediate, the glucocorticoid growth
suppression cascade. Differential screening of a mammary tu
mor cell cDNA library is currently under way in an attempt to
isolate glucocorticoid-regulated growth suppression genes ex-

Fig. 5. Glucocorticoid effects on the DNA
synthesis of parental cells and stable hybrids.
A, dexamethasone-treated and -untreated
Con8.hD6, 8RUV7, and MCT-HTC parental
cells as well as Con8.hD6 x 8RUV7 intratissue
and Con8.hD6 x MCT-HTC intertissue stable
hybrids that were pulse labeled with |JH]thy-

midine for l h with incorporation of radiolabel
into DNA determined as described in the text.
Columns, average of triplicate samples; bars,
SD. In B, the glucocorticoid suppressibility of
DNA synthesis was calculated as the percent
age of incorporation of Â¡3H)thymidine into

DNA in the presence of 1 ^M dexamethasone
versus the incorporation of |3H]thymidine into

DNA in the absence of added hormone.
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pressed by the Con8.hD6 mammary tumor cells and to deter
mine their functional roles in the proliferative response both in
vitro and in vivo.
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