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ABSTRACT

Steroid hormones affect the growth of many tumor cells both in vivo
and in vitro. Growth of cells in vitro can be studied as either anchorage
dependent (monolayer culture) or anchorage independent (suspension
culture), and in each case, steroid hormones can alter log-phase prolif
eration rate, saturation density, or cell morphology. Results presented
here demonstrate that different steroid hormones can have different
effects on each of these parameters in breast cancer cells. In androgen-
responsive cells, glucocorticoid and androgen both stimulated fibroblastic
morphology and saturation density in monolayer and growth in suspen
sion, but glucocorticoid inhibited log-phase proliferation rate while an
drogen stimulated it. By transfection experiments, it has been possible to
separate the androgen-regulated stimulation of cell proliferation from the
androgen-regulated cell morphology changes indicating that the two
parameters are not totally interdependent. The same separation, however,
was not achieved for glucocorticoid regulation. Further separation of
hormone effects was achieved also during the natural course of progres
sion to steroid autonomy. In particular, the androgen and glucocorticoid
stimulations of growth in suspension were separated. The experiments
described here carry important messages for the design and interpretation
of any experiment aimed at elucidating molecular events involved in
steroid-mediated cell growth in culture.

INTRODUCTION

During oncogenic transformation and tumor growth, cells
lose the ability to respond normally to signals controlling
proliferation, including steroid hormone regulation (1, 2).
Growth factors (3-5) and oncogenes (6) are also involved in
regulation of tumor cell growth, and they probably interact with
steroid hormones (7, 8). This is evident from recent reports
suggesting that oncogenes could encode growth factors and
abnormal growth factor receptors (4, 6), and in some way also
altered steroid hormone receptors (9-11). Clearly, many molec
ular studies will now ensue, but it is vitally important to define
which growth parameter is affected by any molecular event.

Parameters of steroid-regulated cell growth associated with
transformation can be reproduced in cell culture and include
changes in cell morphology, reduced serum requirements for
growth, loss of contact inhibition (density regulation), and
ability to grow without anchorage to a substrate ( 1, 11). How
ever, it remains unclear as to how these parameters interrelate.
One working hypothesis has arisen from our work with the
SI 15 mouse mammary tumor cell line. These cells, when cul
tured in the presence of testosterone, exhibit a positive prolif-
erative response to androgen (+A cells) (12). Removal of tes
tosterone results in a 50% reduction in growth rate (13) and a
total change of all cells from fibroblastic to epithelial morphol
ogy (14, 15). The cells develop an increased density regulation
(16), increased sensitivity to various growth stimuli (16), an
alteration in cytoskeletal structure (17), an increased depend
ence on anchorage to the substrate for growth (18), and lose
their ability to grow in suspension culture (15). The morpho
logical and proliferative effects appear so closely connected that
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a causal relationship has been suggested in that androgens
might work in these cells via the intracellular receptor machin
ery to alter microfilament structure which in turn modulates
membrane sensitivity to external mitogenic stimuli (18). After
more than 20 weeks of culture in the absence of testosterone,
the cells become unresponsive to androgens (â€”Acells2) (16, 19)

and this could result from some uncoupling in this mechanism.
We present data here to demonstrate that morphological and

proliferative effects of steroid hormones on breast cancer cells
can be separated. This indicates a lack of interdependence of
these different growth parameters, and a means of separating
them may prove useful in molecular studies of steroid-regulated
cell growth.

MATERIALS AND METHODS

Nomenclature of SI 15 Cells. Stock SI 15 cells are a clonal cell line
maintained in androgen and exhibit a positive proliferative response to
androgen. These cells are called +A cells. Experimental growth of these
cells in the presence or absence of testosterone is indicated as +T or
â€”T,respectively. Long-term maintenance of such cells in the absence

of androgen results in the cells becoming unresponsive to androgens
and such cells are then termed â€”Acells (19).

Culture of Stock +A SI 15 Cells. Stock +A SI 15 cells were grown as
monolayer cultures in Dulbecco's modified Eagle's medium supple

mented with 2% PCS (Gibco-Biocult, Glasgow, Scotland), 40 mM
HEPES buffer (BDH Chemicals, Ltd., Poole, England), and 3.5 x Ifr"

M testosterone. Testosterone (Steraloids, Ltd., Croydon, England) was
dissolved in ethanol and added such that the final concentration was
0.001% ethanol in culture medium. Cells were grown in plastic tissue
culture dishes (Nunc, Roskilde, Denmark) in a humidified atmosphere
of 10% carbon dioxide in air at 37Â°C.Cells were subcultured at weekly

intervals.
Production of Stock -A SI 15 Cells. Stock -A cells were produced

by growing stock +A cells in a medium lacking testosterone and
containing DC-FCS for 43 weeks (19). DC treatment of serum has
been described previously (20).

Production of gpf-transfected +A SI 15 Cells. The transfection vector,
LTR-C3-pSV2gpt was constructed using the vector pSV2gpt in which
the rat C3 (1) prostatic steroid binding protein gene was under control
of the mouse mammary tumor virus LTR region (21). Monolayer
cultures of SI 15 +A cells were transfected with this DNA. Clones of
transfected cells were selected out, grown up, and growth curves carried
out exactly as described elsewhere (21).

Culture of Stock ZR-75-1 Cells. The ZR-75-1 cells were derived from
a malignant ascitic effusion of a patient with infiltrating ductal carci
noma of the right breast and were provided by Dr. M. Lippman
(National Cancer Institute, Bethesda, MD) such that they were of about
the same passage generation as in previous experiments (20). Stock
ZR-75-1 cells were grown routinely as monolayer cultures in Dulbecco's
modified Eagle's medium supplemented with 5% PCS and IO'8 M

estradici in a humidified atmosphere of 10% carbon dioxide in air at
37Â°C.Cells were subcultured at weekly intervals.

Cell Growth Curves in Monolayer Culture. Cells from stock plates
were suspended by treatment in 0.06% trypsin buffered with 0.02%
EDTA (pH 7.3) and counted on a hemocytometer. Cells were added to
the overall required volume of medium containing either 2% (for SI 15

2The abbreviations used are: â€”A,+A, androgen-unresponsive or -responsive
cells, respectively; PCS, fetal calf serum; HEPES, 4-(2-hydroxyethyl)-l-pipera-
zineethanesulfonic acid; DC-FCS, dextran charcoal-treated fetal calf serum; LTR,
long terminal repeat.
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DIFFERENTIAL EFFECTS OF STEROIDS ON CELL GROWTH
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Fig. 1. Effects of testosterone (7") and dex-

amethasone (D) on growth of SI 15 +A cells
in monolayer ill and suspension (B) culture.
Cells were grown with 3.5 X 10"* M testoster
one (â€¢),with 10~7M dexamethasone (O). w'th

both hormones (â€¢),or without either hormone
(O). Bars, SE of triplicate dishes. No error bars
are shown if variation was too low for visual
display.
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Fig. 2. Effects of hormone concentration on parameters involved in growth of

SI IS +A cells in monolayer and in suspension culture. Dose-response curves are
presented for testosterone (7") (A, to A,) and dexamethasone (B, to B,) effects on

log-phase growth in monolayer (A, and B/), on saturation density in monolayer
(I and II..}.and on growth in suspension (A, and B,). Effects of dexamethasone
are presented in both the presence (â€¢)and absence (O) of 3.5 x 10"' M testoster

one. Bars, SE of triplicate dishes, but no error bars are shown if variation was
too low for visual display.

cells) or 5% (for ZR-75-1 cells) DC-FCS and 40 mM HEPES buffer
(for SI 15 cells only), but no hormone, and seeded at a density of
between 0.1 and 0.2 x 10*cells/ml. Â£/tf-transfectedcells were grown in

selection medium, as described previously (21). Cells were plated into
50-mm plastic tissue culture dishes (Nunc) in 5-ml aliquots for 24 h,

and then the medium was changed to contain the appropriate concen
tration of steroid. Testosterone, estradiol, and dexamethasone were all
made up as stock solutions in ethanol and added such that the final
concentration was <0.001% ethanol in culture medium. Plating effi
ciency of the cells was determined by counting the cells in monolayer
after 24 h. The entire culture medium was changed routinely in all
dishes every 3 to 4 days.

Cell Growth Curves in Suspension Culture. Cells were grown in the
same medium as for monolayers in 50-mm plastic bacteriological dishes
(Sterilin, Teddington, England) to which less than 2% of the cells could
attach. As the medium could not be completely renewed periodically,
1 ml of fresh medium was added to each dish every 3 to 4 days.

Cell Counting. Cells in monolayer cultures were washed in situ with
phosphate-buffered saline and then lysed in 2 ml 0.01 M HEPES buffer
containing 1.5 mM MgCb and 4 drops of Zaponin (Coulter Electronics,
Ltd., Harpenden, England) for 5 min. The nuclei released were counted
in Isoton (Coulter Electronics, Ltd.) in triplicate on a Model ZB1
Coulter Counter. All triplicate counts were expressed as the mean Â±
SE.

Cells in suspension were harvested in phosphate-buffered saline, spun
down on a bench centrifuge, and washed twice. The cells were lysed
and counted as for monolayers except that lysis took about 1 h with
gentle rocking of the cells.

Histology of Cells in Suspension Culture. Cells were harvested and
washed in phosphate-buffered saline, allowing the cells to settle under
gravity without centrifugation. Cells were fixed in Bouin's fixative for

2 h, transferred to 70% ethanol. embedded in wax for sectioning, and
sections stained with hematoxylin and eosin.

RESULTS

Effects of Androgen and Glucocorticoid on Growth of + A SI 15
Cells

The effects of testosterone and dexamethasone on the growth
of+A SI 15 cells have been investigated in the presence of DC-
FCS in both monolayer (Fig. IA) and suspension (Fig. IB)
culture. In monolayer, testosterone increased both growth rate
and saturation density of +A SI 15 cells (Fig. IA) and in
addition caused a marked change from epithelial morphology
(without hormone) to fibroblast morphology (with hormone).
Photographs of this dramatic androgen-regulated change in cell
morphology have been published previously (15). Dexametha
sone exerted the same stimulation of saturation density and the
same morphological changes in monolayer as testosterone, but
the effects on log-phase growth were different; it was increased
by testosterone but decreased by dexamethasone (Fig. \A). In
suspension culture, a dramatic difference was seen between
growth in the presence and absence of steroid (Fig. \B). In the
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DAYS IN CULTURE
Fig. 3. Growth of gpt-trans(ected +A SI 15 cells in DC-PCS in selection

medium in monolayer (A) and suspension (B) culture. Cells were grown with 3.5
x IO"' M testosterone (7") (â€¢),with IO"7 M dexamethasone (D) (O). with both

hormones (â€¢),or without either hormone (O). Kurs. SE of triplicate dishes. No
error bars are shown if variation was too low for visual display. Data are for
growth of one clone of cells but similar data were obtained for all 19 clones
studied.

m
U

05

+D10 MÂ»D10"' M

DAYS IN CULTURE
Fig. 4. Effects of estradici (E) and dexamethasone (D) on growth of ZR-75-1

cells in monolayer (A) and suspension (B) culture. Cells were grown without
steroid (O), with 10"" M estradici (â€¢),or with varying concentrations of dexa

methasone as indicated. Bars, SE of triplicate dishes. No error bars are shown if
variation was too low for visual display.

absence of steroid, the cells remained viable but static, whereas
in the presence of either dexamethasone or testosterone, rapid
growth occurred. In both monolayer and suspension, there was
no additive effect of the 2 steroids. The effect of dexamethasone
and testosterone together was no different from that of testos
terone alone. These experiments were done 4 times in both
monolayer and suspension demonstrating that the effects were
highly reproducible. Statistical analysis (r test) was performed,
in addition, on all 4 sets of monolayer growth curves to confirm
significance of the dexamethasone inhibition of growth on days
2 and 3. In every case a P < 0.001 was obtained.

Fig. 2 shows dose response curves for the effects of testoster
one and dexamethasone on log-phase growth (A,,B,) and satu
ration density (.â€¢!.â€¢.#.â€¢)in monolayer and on growth in suspension
(A,,B,). Maximal effects of testosterone on the rate of cell
proliferation were found at 10~" M (Fig. 2, A,), which agrees

with previously published data (13). Similar concentrations of
testosterone were required for optimal saturation density (Fig.

2, A2) and suspension growth (Fig. 2, A,) effects. Dexametha
sone showed maximal inhibitory effects on log-phase growth in
monolayer (Fig. 2, B,) and maximal stimulation of suspension
growth (Fig. 2, B,) at 10~8 M. A higher concentration of dexa

methasone appeared to be needed for stimulation of saturation
density in monolayer (Fig. 2, B2), but repeat of the IO"8 M

concentration revealed that the cells just took longer to reach
saturation and the cells in Fig. 2, H were all counted on the
same day. Thus there was no real difference. In the presence of
testosterone, dexamethasone showed no effect at any of the
concentrations tested (Fig. 2, B, to B,).

Effects of Androgen and Glucocorticoid on Growth of g/tf-trans-
fected+A S115 Cells

In the past, it has always been assumed that both morpholog
ical and proliferative effects induced by steroid were interde
pendent. However, recent transfection experiments have ques
tioned this inseparability of these parameters. Clones of +A
SI 15 cells transfected with LTR-C3-pSV2gpt vector were gen
erated for the primary purpose of studying steroid hormone
regulation of the LTR of mouse mammary tumor virus (21).
While doing these experiments, we noticed that all the trans
fected clones of cells (19 clones studied in total) were always of
epithelial morphology when grown in the selection medium
irrespective of hormone conditions. Each of the 19 clones
showed androgen-stimulated growth, but no change to fibro-
blastic morphology was ever seen in monolayer culture in the
presence of either testosterone or dexamethasone. Growth of
these cells in normal medium without selection resulted in
recovery of fibroblastic morphology in the presence of testos
terone after 4 weeks, and so the changes observed were not
irreversible.

Steroid regulation of growth of one clone of the transfected
cells is shown in Fig. 3 as a representative sample. In selection
medium, the cells grew more slowly than control +A cells (Fig.
1), but testosterone stimulation of growth rate in monolayer
(Fig. 3A), saturation density in monolayer (Fig. 3/0, and sus
pension growth (Fig. 3Ã„)was evident. Dexamethasone, how
ever, showed only inhibition of monolayer growth and no
significant growth in suspension culture. This contrasted
strongly to the effects of dexamethasone on control +A cells
(Fig. 1).

Effects of Estradici and Glucocorticoid on Growth of ZR-75-1
Cells

Application to other cell lines of these differential effects of
steroid hormones on cell growth parameters was then studied.
For this we have studied the ZR-75-1 human mammary tumor
cell line. Estradici effects on growth of ZR-75-1 cells in mon
olayer and in suspension culture have been described previously
(20). Fig. 4 shows, in addition, the effects of dexamethasone on
growth of the cells in monolayer (Fig. 4A) and suspension (Fig.
4Ã„).In contrast to the +A SI 15 cells, dexamethasone did not
stimulate growth under any conditions tested and was even
inhibitory in some cases.

Effects of Androgen and Glucocorticoid on Growth of SI 15 Cells
during Loss of Hormone Responsiveness

Growth of cloned +A SI 15 cells in the prolonged absence of
testosterone results reproducibly in the loss of several androgen-
sensitive parameters, including loss of proliferative response,
loss of saturation density response, and loss of cell morphology
response in monolayer (19). However, suspension growth has
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Fig. 5. Effects of testosterone (7") and dex-
amethasone (O) on growth of SI 15 -A cells
in monolayer (li and suspension (B) culture.
â€”Acells were derived from -HAcells by growth
in testosterone-depleted medium for 43 weeks,
subsequently grown with 3.5 x 10"* M testos
terone (â€¢),with 10~7 M dexamethasone (D),

with both hormones (â€¢).or without either
hormone (O). Bars, SE of triplicate dishes. No
error bars are shown if variation was too low
for visual display.

0.5 -,

never been studied in this context. In addition, since we now
know that glucocorticoids also affect growth of these cells (Fig.
1), we have studied response to dexamethasone during loss of
androgen sensitivity. We present data to demonstrate that
certain glucocorticoid-sensitive parameters are lost independ
ently of androgen-sensitive parameters.

Growth of Androgen-unresponsive SI 15 Cells. Fig. 5 shows
the effects of testosterone and dexamethasone on the growth of
â€”Acells. These cells grew without hormone in monolayer (Fig.
5A) at the same rate as did +A cells in the presence of testos
terone (Fig. \A). In addition, the cells grew without hormone
in suspension culture (Fig. 5B).

Morphology of +A and â€”ACells in Suspension. Although cell
numbers suggested that growth of the -A cells in suspension

was indistinguishable from that of +A cells, the way the cells
reacted in suspension was different. Fig. 6 shows a comparison
of +A and â€”Acells growing in suspension. -I-A SI 15 cells did

not grow without hormone but formed tight balls of cells with
either testosterone or dexamethasone (Fig. 6, A to C). The
different sizes of these testosterone and dexamethasone sphe
roids were due to the slower initial growth rate of the latter,
and these photographs were taken on day 4 of growth (see Fig.
IB). â€”ASI 15 cells grew well in suspension with or without
hormone, but the spheroid structure looked very different (Fig.
6, D to F). With testosterone or dexamethasone, spheroids were
formed (photographs taken on day 7 and so, again, dexameth
asone spheroids appear small at this time), but the cells held
together much less tightly than in the +A cell colonies. Without
hormone, the cells grew together even more loosely. This phe
nomenon of loss of cell contact in -A spheroids is seen even

more clearly in the histolÃ³gica! sections (Fig. 7).
Time Course of Loss of Hormone-sensitive Suspension

Growth. For these experiments, +A S115 cells were kept long
term as stock cultures in monolayer in the absence of testoster
one and assayed for short-term androgen sensitivity at various
time intervals by removing an aliquot of cells to measure
hormone-sensitive growth in suspension under the conditions
shown in Fig. 8. Analyses of these growth curves, in an analo
gous way to those for monolayer cultures (19), have enabled a
study of the time course of loss of hormone-sensitive suspension

-T-D

8 10 0 2 4

DAYS IN CULTURE

10 12 1Â«

growth in terms of both proliferative response (Fig. 8/4) and
maximal density (Fig. Kli).

Proliferative response has been calculated as the doubling
time of the cells with or without steroid (Fig. 8/4). Stock
androgen-responsive +A cells grew only in the presence of
testosterone or dexamethasone (Fig. SA, week 0). After 5 weeks
of androgen withdrawal in stock cultures, the rate of cell growth
in the short-term presence of either steroid dropped but re
covered by 33 weeks later. The rate of cell growth recovered
first with testosterone, then without steroid, and finally with
dexamethasone.

Maximal density response of the cells in suspension culture
showed similar trends as those described with proliferative
response (Fig. SB). Stock +A cells grew only in the presence of
testosterone or dexamethasone (Fig. SB, week 0). There fol
lowed then a period after 5 weeks of long-term androgen
withdrawal when the cells no longer grew in the short-term
presence of dexamethasone, and this steroid was inhibitory
even in the presence of testosterone. After longer androgen
withdrawal, short-term suspension growth of the cells recovered
first with testosterone, then without steroid, and lastly with
dexamethasone.

DISCUSSION

Growth of cells in vitro can be studied as either anchorage
dependent (monolayer culture) or anchorage independent (sus
pension culture). In each case, the growth can be described in
terms of log-phase proliferation rate, saturation density, or cell
morphology. We have demonstrated here that steroid hormones
can have different effects on each of these parameters in breast
cancer cells, and the results are summarized in Table 1. Thus,
similar steroid effects on one parameter do not necessarily
imply similar effects on all the other parameters, as is often
assumed. For example, in SI 15 +A cells, glucocorticoids and
androgens induced similar effects on cell morphology and sat
uration density in monolayer and on growth in suspension but
opposing effects on log-phase proliferation rate in monolayer
(see Table 1). This clarifies confusion caused in the past by
conflicting reports of dexamethasone effects on SI 15 cell
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100pm
Fig. 6. Phase contrast photographs of androgen responsive (+A) (A to C) and androgen unresponsive (-A) (D to F) SI 15 cells growing in suspension culture in

the absence of steroid (A and D). with testosterone 3.5x10~8 M (B and E) or with dexamethasone 10~7M (C and F). â€”Acells were derived from + A cells by growth
in testosterone-depleted medium for 43 weeks. Photographs were taken on day 4 (+A) or day 8 (-A) of culture (see Figs. 1 and 6, respectively), x 100.

growth. One report stated that in the temporary absence of
testosterone, dexamethasone (10~7 M) stimulated cell growth

(16), but another report showed dose-dependent inhibition of
cell growth which became very marked above 10~8M dexameth

asone (22). These conflicting data resulted from considering

only single time points, and the full picture can only be under
stood from more extensive studies. The first report (16) was of
cell growth for 6 days in monolayer in unstripped serum. Under
these conditions, this would have been a measure not of growth
rate but of approaching saturation density, where the cells
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Fig. 7. HistolÃ³gica! sections of the balls of androgen responsive (+A) (A and B) and androgen unresponsive (-A) (C and fl) SI 15 cells growing in suspension
culture in the presence of 3.5 x 10"* M testosterone. â€”Acells associate together into balls of cells much less tightly than do +A cells. Hematoxylin and eosin at

magnification as indicated.

Table 1 Effects of steroid hormones on growth of breast cancer cells

+A SI 15cellsPropertyMonolayer

growthGrowth
rateSaturation
densityCell

morphologySuspension

growthGrowth
rateMaximal
densitySpheroid

morphologyNohormone

+T*+

r+E
FÃ®Ã®Tightlyclusteredcells+GiÃ®FÃ®Ã®TightlyclusteredcellsZR-75-1

cellsNohormone

+E+

I+
Ã®E
E+

;+
Ã®+GiiEiiTightly

clustered cells'Stf-Transfected

+A SI 15
cellsNohormone

+T++

TE
EÃ®Ã®-

Tightlyclusteredcells+G1iE-â€”â€”-A

SI 15cellsNohormone++L++Verylooselyclusteredcells+TNCNCLNCNCLooselyclusteredcells+GNCNCL1NCLooselyclusteredcells

Â°-t-T, with testosterone; + G, with glucocorticoids; +E. with estradici; NC, no change in growth compared to no hormone; E, epithelial morphology; F, fibroblastic

morphology; L. elongated epithelial morphology.
* f, increased growth compared to no hormone; J, reduced growth compared to no hormone; +, growth; -, no growth.
f See Ref. 20.

would certainly be of higher density in the presence than in the
absence of dexamethasone. The second report (22) studied cells
on day 4 in monolayer in DC-stripped serum, where the mea
sure would have been of growth rate, which is inhibited by
dexamethasone.

While glucocorticoids showed some stimulatory and some
inhibitory effects on growth of SI 15 +A cells, the same was

not true for ZR-75-1 cell growth. These latter cells were clearly
responsive to estradici, but only inhibitory effects to glucocor-
ticoid were observed (see Table 1). Thus, the same steroid can
have different effects on different cell lines.

The data presented here also shed some light on the inter
dependence of steroid-mediated morphological and prolifera-
tive effects on breast cancer cells, since we have been able to
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DIFFERENTIAL EFFECTS OF STEROIDS ON CELL GROWTH

WEEKS IN CULTURE MINUS TESTOSTERONE

Fig. 8. Loss of steroid hormone responsiveness of SI IS cells in suspension
culture during progression to steroid autonomy. Changes in the rate of cell
proliferation (A) and maximal density (B) in suspension culture in the short-term
presence of 3.5 x 10'" M testosterone (T) (â€¢),10~7 M dexamethasone (D) (D),

both hormones (â€¢).or in the absence of steroid (O) following increasing periods
of long-term androgen withdrawal from stock cultures. Rates of cell proliferation
(A) were calculated from short-term growth curves between the following days in
culture: 3 and 7 (weeks 0 and 2); 3 and 13 (weeks 5, 9, and IS); 4 and 7 (weeks
33 and 43). Maximal densities (//) were attained in short-term growth after the
following days in culture: 10 (weeks 0 and 2); 24 (weeks 5, 9, and 15); 18 (weeks
33 and 43). Ã¬iars.SE of triplicate dishes. No error bars are shown if variation was
too low for visual display.

separate several of these parameters. In the gpf-transfected +A
cells, where the testosterone-induced fibroblastic morphology
was blocked and the cells retained their epithelial morphology,
the proliferative effect of androgen was not lost in either mon-
olayer (log-phase growth or saturation density) or suspension
culture (see Table 1). Thus, at least in this case, androgen-
mediated proliferative and morphological changes were sepa
rable. This was not the case for glucocorticoid action, however,
Glucocorticoids always inhibited log-phase growth of SI 15 cells
in monolayer irrespective of cell morphology, but the stimula
tory effect on saturation density in monolayer and on suspen
sion growth can be separated from inhibitory effects and was
seen only under conditions which allowed the cells to turn
fibroblastic in monolayer culture (see Table 1). It is tempting
to compare these effects of glucocorticoid on the gpf-transfected
+A cells with those effects on the ZR-75-1 cells. In neither case
was there any dramatic steroid-mediated morphological
changes, and in neither case did glucocorticoids stimulate any
growth parameter which we have tested. Hence in glucocorti
coid action in SI 15 cells there may be a link between prolifer
ative and morphological effects, whereas for testosterone action

in SI 15 cells and estradici action on ZR-75-1 cells the link is
not obvious. Clearly, caution must be observed in interpretation
of this artifical separation of hormone effects. However, the
effects are not irreversible. gpf-Transfected +A cells recovered
their fibroblastic morphology after 6 weeks in normal, non-
selection medium. It could be that the steroid-mediated mor
phological changes are dependent on normal purine nucleotide
biosynthesis pathways and cannot be reproduced when using
an artificial prokaryotic pathway with a transfected gpt gene. It
has been shown previously that estrogen stimulation of prolif
eration is tightly linked to regulation of the de novo pathway of
pyrimidine synthesis (23), but roles of purine biosynthesis have
not been reported.

Steroid hormone effects which appear tightly linked in hor
mone-responsive -f-ASI 15 cells cannot only be artificially sep

arated by transfection experiments but also separate themselves
out naturally during the events involved in progression to
steroid autonomy. We have reported previously on the ordered
series of events involved in loss of proliferative, saturation
density, and morphological responses of these cells in mono-
layer culture when deprived of long-term androgen (19). In this
paper, we demonstrate that the same conditions also result in
loss of responsiveness in terms of suspension culture. As with
the monolayer culture results, the cells go through a long phase
of slow growth in suspension before becoming autonomous and
growing without steroid. Both androgen and glucocorticoid
induced suspension growth of+A SI 15 cells (Fig. 1). However,
during progression to steroid insensitivity, there was a phase
when the cells only grew in suspension with testosterone and
not with dexamethasone, and furthermore, dexamethasone was
even inhibitory in the presence of testosterone (Fig. 8, weeks 5
to 15). Thus, it is possible to separate the stimulatory effects of
testosterone from the stimulatory effects of dexamethasone on
growth in suspension. Furthermore, the stimulatory and inhib
itory effects of glucocorticoid were separated. The stimulatory
effect was lost early, but the inhibitory effect seemed to last
longer than even commencement of steroid autonomy. In ad
dition, since the fully unresponsive â€”Acells grew in suspension

irrespective of steroid, any linkage to morphological change in
monolayer was evidently also lost (see Table 1).

The diverse effects of steroids in the different parameters of
cell growth will be useful in assessing functional significance of
molecular events underlying steroid hormone action on cell
proliferation. It is now evident that other factors may interact
with steroids in these processes, and recent experiments have
shown that growth factors (24, 25), growth factor receptors (26,
27), and oncogene products (28-30) can be altered by steroid
treatment in cell lines in culture. Androgens and glucocorticoids
regulate mouse mammary tumor virus RN A levels in S115 cells
(31, 32), of which the main RNA species is 16S in size and
could encode the putative oncogene of the open reading frame
of this virus (31, 33, 34). This oncogene remains of unknown
function, and we have been studying its possible role in the
androgen regulation of cell morphology and proliferation in the
SI 15 cells. For meaningful interpretation of the functional role
of any such molecular events, a detailed understanding of the
cell growth in vitro is essential because molecular events accom
panying the different cell growth parameters may not be the
same. Attention should not be confined, therefore, to only one
behavioral feature (often log-phase growth) because important
changes could be missed. In addition, it is evident that by
careful choice of culture conditions, the different parameters of
cell growth can be separated, and thus the molecular events for
each can be studied individually.
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