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ABSTRACT

It has been generally accepted for 20 years that the growth of Shionogi
carcinoma 115 (SCI 15) is stimulated only by androgen. However, we
recently found that the growth of SCI IS cells is also stimulated by
pharmacological doses of estrogen in vivo but not in cell culture. In the
present study, the growth-stimulatory effect of glucocorticoid on SCI 15
cells was examined. In castrated mice, daily injections of high doses of
dexamethasone (100 fig/mouse) markedly stimulated the tumor growth,
and the growth approached that found in normal males. However, daily
injections of physiological doses of dexamethasone (4 /<g/mouse) or high
doses of epitestosterone, progesterone, or cholesterol (200-5000 UK/
mouse) did not enhance the tumor growth in castrated mice. The androgen
dependency, growth speed, steroid receptors, and histolÃ³gica!type of the
tumors grown by pharmacological doses of glucocorticoid were not sig
nificantly different from those of the original SCI 15 tumors grown by
androgen. In a serum-free medium (Ham's F-12:Eagle's minimum essen

tial medium (1:1, v/v) containing 0.1 % bovine serum albumin), the prolif
eration of SC-3 cells (a cloned cell line from SCI 15 cells) was markedly
(by up to 25-fold) stimulated by 10 "'-IO"1 M testosterone, whereas the

proliferation was only slightly but significantly (by up to 3.3-fold) stim
ulated by 10~8-10~*Mdexamethasone. The present findings demonstrate

that the growth of SCI 15 cells in vivo and in cell culture is significantly
stimulated by physiological doses of androgen or pharmacological doses
of glucocorticoid.

INTRODUCTION

Androgen-responsive mouse mammary carcinoma, SCI 15,
was established in 1964 by Minesita and Yamaguchi (1). SCI IS
has maintained androgen dependency for growth both in vivo
(2-6) and in cell culture (7-10) for more than 20 years and has
been used for elucidating the mechanism of growth-stimulating
action of androgen. On the other hand, the effect of estrogen
or glucocorticoid on the growth of SCI 15 tumor had not been
studied in detail, since SCI 15 tumor fails to grow in normal
adult female mice, i.e., physiological concentrations of estrogen
or glucocorticoid are ineffective for the growth of SC115 tumor.

However, we recently found that the growth of SCI 15 tumor
in vivo is stimulated not only by physiological doses of androgen
through AR-1 but also by pharmacological doses of estrogen

through ER, and androgen and estrogen synergize to stimulate
the tumor growth (11-15). By using an in vitro culture tech
nique, however, we and other investigators reported that 17/3-
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estradiol (10 I2-10 5 M) even in high concentrations does not
stimulate the proliferation of cloned SCI 15 cells in serum-
supplemented (7, 8, 14, 15) and serum-free media (14, 15).
These findings suggest that the growth of SCI 15 cells is stim
ulated by either physiological doses of androgen or pharmaco
logical doses of estrogen in vivo but only by androgen in cell
culture.

Yates and King (16) reported that dexamethasone at 10 * M

inhibits proliferation of cloned cell lines from SCI 15 cells by
30% but stimulates them by 235% at IO"6 M in the temporary

absence of testosterone in serum-supplemented medium,
whereas these cells show a 7-fold increase in cell number at
concentrations of testosterone greater than IO"9 M. However,

the effect of high doses of glucocorticoid on the growth of
SCI 15 tumor in vivo has not been reported. Recently, Darbre
et al. (17, 18) also reported that testosterone at 3.5 X IO"8 M
as well as dexamethasone at 10~7 M can regulate mouse mam

mary tumor virus RNA production via AR and GR, respec
tively, in SC115 cells in serum-supplemented culture. This
novel action could be explained on the basis that the mouse
mammary tumor virus long terminal repeat can respond to
several classes of steroid-receptor complexes ( 18). In the present
study, therefore, we investigated the effect of various doses of
glucocorticoids on the growth of SCI 15 cells in vivo and in cell
culture.

MATERIALS AND METHODS

Animals and Tumors. Male DS mice (2-3 months old), raised in our
laboratory, were used. When tumors were grafted in castrated mice, the
castration was carried out at least one week in advance. A fragment of
tumor (1 /il) was inserted beneath the dorsal skin, using a specially
devised needle (1). Seed tumors of SCI 15 were obtained from genera
tions 343 to 360. The SCI 15 tumors were maintained in male DS mice.

Chemicals. [1, 2, 6, 7-3H]Testosterone (102 Ci/mmol) and [6, 7-3H]-

dexamethasone (38 Ci/mmol) were obtained from New England Nu
clear (Boston, MA). The other chemicals were of analytical grade.

Injections of Steroids. Dexamethasone, betamethasone, 17/3-estra-
diol, TP, epitestosterone, progesterone, or cholesterol was suspended
in 0.05 ml of vehicle (saline, 0.4% polysorbate 80, 0.5% carboxymeth-
ylcellulose, and 0.9% benzyl alcohol) and was injected s.c. Control mice
received 0.05-ml injections of vehicle.

Determination of Tumor Growth. Length and width of each tumor
was measured once a week, and the mean of the length and width was
used as an index of tumor size.

Primary Cell Culture and Cloning. The methods for primary cell
culture of SCI 15 cells and cloning of the cells were described previously
(14). The cloned cell lines obtained after 20 passages by the limiting
dilution method were cultured continuously in a maintenance medium
composed of MEM containing testosterone (10~8 M) and 2% DCC-

treated FCS. The DCC-treated PCS was obtained as described previ
ously (14). SC-3 cells (one of the cloned cell lines obtained) were used
in the following experiments. Cells were grown in a humidified incu
bator in 5% CO2 at 37'C.

Cell Growth Experiments. To examine the effects of testosterone or
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dexamethasone on the growth of cells, SC-3 cells were routinely plated
onto 35-mm dishes (approximately 4 x IO4cells/dish) containing 2 ml
of MEM added with 2% DCC-treated PCS and testosterone (10~8 M).

On the following day (day 0), the medium was changed to 2 ml serum-
free medium [Ham's F-12:MEM (1:1, v/v) containing 0.1% BSA (es

sential fatty acid free; Sigma Chemical Co. St. Louis, MO)], with or
without testosterone (10~"-10~6 M) or dexamethasone (10~"-10~s M).

Steroid dissolved in ethanol solution was added to the medium, in
which the final concentration of ethanol was 0.01%. Control dishes
also contained 0.01% ethanol. Cells were grown in a humidified incu
bator in 5% CO2 at 37Â°C,and the medium was changed every other

day.
Cell Harvest and Cell Count. Cells grown under various conditions

were harvested as described previously (14). More than 85% of the cells
was found to be viable by the trypan blue dye exclusion test, and viable
cells were counted by hemocytometer.

GR and AR in Tumor Cytosols and Cultured Cells. SCI IS tumors
were removed 24 h after the castration or the last injection of dexa
methasone. Adrenalectomy was carried out 2-6 weeks before the sac
rifice (24 h before the transplantation of seed tumors). The adrenalec-
tomized mice were given saline instead of water. AR and GR in tumor
cytosols were assayed similarly to those described previously (11-13).
For GR and AR assays, cytosols were incubated with 0.1-40 UM of
[3H]dexamethasone or [3H]testosterone in the absence or presence of a
100-fold molar excess of unlabeled dexamethasone or testosterone,
respectively, for 20 h. Bound and free steroids were separated by the
hydroxylapatite method (11). The maximum binding sites and A',,value

were calculated by the procedure of Scatchard (19). When we examined
GR in SC-3 cells, the whole cell assay was used. SC-3 cells (8 x IO4

cells/dish) were plated onto 100 mm dishes containing 10 ml MEM
added with 5% DCC-treated PCS and 10~" M testosterone. On day 3,
the medium was changed to 10 ml serum-free medium [Ham's F-
12:MEM (1:1, v/v) containing 0.1% BSA] in the presence of 10~8 M
testosterone or 10~6M dexamethasone, and the cells were cultured for

6 days. On day 9, the medium was changed to the serum-free medium
without steroid, and the cells were cultured for 24 h. Then, SC-3 cells
were washed with phosphate-buffered saline and were harvested by
incubating the cells with 3 ml phosphate-buffered saline containing
0.02% EDTA and 0.05% trypsin for 15 min at 37Â°C.Then the cells

were washed with 10% FCS-MEM and twice with 3 ml MEM-HEPES
(5 mM) containing 0.1% BSA (MEM-HEPES-BSA). The washed cells
suspended in MEM-HEPES-BSA (1.5 x IO6 cells/0.4 ml/tube) were
incubated with 0.25-20 MM[3H]dexamethasone in the presence or
absence of a 100-fold molar excess of un labeled dexamethasone in a
humidified incubator for 60 min at 37'C. After the incubation, the cells

were washed three times with 2 ml MEM containing 0.1% BSA at 0-
4Â°C.Radioactivity in the cells was measured as described previously in
our paper ( 14). The maximum binding sites and A"dvalue were calculated

by the procedure of Scatchard (19).
Histology. Tumors were fixed in 10% buffered formalin (pH 7.2),

embedded in paraffin, sectioned, and stained with hematoxylin and
eosin. Although the original SCI 15 tumor is an undifferentiated med
ullary carcinoma, we have already described the development of andrÃ²-
gen-independent spindle-shaped cells from the original SCI 15 cells
after removal of androgen from the host (3, 20). The tumor was
designated as "medullary type" when more than 90% of the tumor was
composed of undifferentiated medullary cells, as "spindle cell type"

when more than 90% of the tumor was composed of spindle-shaped
cells, and as "mixed type" when 90% or less of the tumor was composed

of either medullary or spindle-shaped cells.
Miscellaneous Assays. The protein concentrations were determined

by the method of Lowry et al. (21). Values were compared by Student's

t test.

RESULTS

Stimulatory Effect of Pharmacological Doses of Glucocorti-
coids on Tumor Growth in Vivo. Castrated male mice were
transplanted with seed SCI 15 tumors and were given daily
injections of 4, 20, or 100 /Â¿gper mouse of dexamethasone or

betamethasone starting from the day of transplantation. Al
though daily injections of 4 and 20 Â¡igof glucocorticoids had
no effect on tumor growth, daily injections of 100 fig glucocor
ticoids (pharmacological dose) significantly stimulated the tu
mor growth; the growth approached the growth induced by
testicular androgens in normal males (physiological doses) (Fig.
1). Relatively low doses of dexamethasone (10 or 20 Â¿ig/mouse/
day), however, could act synergistically with relatively low doses
of 17/3-estradiol (5 Mg/mouse/day) or TP (20 Mg/mouse/day) to
stimulate the growth of SCI 15 tumors but not to the degree of
tumor growth in normal males; the relatively low doses of
dexamethasone, 17/8-estradiol, or TP alone had no effect on
tumor growth (Fig. 2). Daily injections of 100 /Â¿gper mouse of
dexamethasone or betamethasone are thought to be pharma
cological doses, since daily injections of 10-20 Â¡igper mouse of
dexamethasone or betamethasone resulted in significant de
creases in the weights of the thymus, spleen, and adrenals (data
not shown). Furthermore, the tumors did not grow in castrated
males having both adrenals.

No Stimulatory Effect of High Doses of Epitestosterone, Pro
gesterone, or Cholesterol on Tumor Growth in Vivo. Castrated
male mice were given daily injections of various doses of epi-
testosterone, progesterone, or cholesterol starting from the day
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Fig. 1. Stimulatory effect of various doses of glucocorticoids on the growth of
SC11S tumors in castrated mice. Castrated male mice were transplanted with
seed SCI 15 tumors and were given daily injections of dexamethasone (Dex, 4-
100 fig/mouse), betamethasone (Bet, 20-100 /ig/mouse), or vehicle starting from
the day of transplantation. The growth of tumors in normal males was also
examined for comparison. Tumor size (mean of length and width) was measured
once a week. Each point is the mean of seven mice; bars, Â±SE.
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Fig. 2. Additive effect of dexamethasone and androgen or estrogen on the
growth of SCI IS tumors in castrated mice. Castrated male mice were given daily
injections of relatively low doses of 17/3-estradiol (5 fig/mouse), TP (20 MK/
mouse), dexamethasone (Dex, 10 or 20 /jg/mouse) with or without relatively low
doses of 170-estradiol (/rÂ¡.5 ^g/mouse) or TP (20 *ig/mouse), or vehicle starting
from the day of transplantation of seed tumors. The growth of tumors in normal
males was also examined. Points, mean of seven mice; han. Â±SE.
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of transplantation of seed SCI 15 tumors. The growth of tumors
in normal males and in castrated males given daily injections
of physiological doses of TP (50 or 100 /Â¿g/mouse)or phar
macological dose of 17j3-estradiol (50 /Â¿g/mouse)was also ex
amined for comparison. Although physiological doses of andro-
gen or pharmacological dose of estrogen significantly enhanced
the growth of tumors, high doses (200 or 1000 Â¿zg/mouse/day)
of epitestosterone (biologically inactive steroid) did not enhance
the tumor growth (Fig. 3). High doses (200, 1000, or 5000 ng/
mouse/day) of progesterone or cholesterol had no effect on
tumor growth similar to that induced by epitestosterone (data
not shown).

Characteristics of Tumors Grown in Vivo by Pharmacological
Doses of Glucocorticoid or Physiological Doses of Androgen. We
examined whether SCI 15 tumors grown in vivo by pharmaco
logical doses of glucocorticoids still maintain androgen depend
ency. Seed tumors from rapidly growing tumors in castrated
mice by daily injections of 100 ng dexamethasone or beta-
methasone were transplanted in normal and castrated male
mice. The seed tumors could rapidly grow only in normal males
but not in castrated males (Fig. 4).

Tumors grown very slowly in castrated mice without andro
gen or glucocorticoids were composed of spindle cells. When
tumors grew slowly in castrated mice given daily injections of
4 and 20 Â¿Â¿gof glucocorticoids, mixed type and mixed type or
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Fig. 3. No effect of high doses of epitestosterone on the growth of SCI IS
tumors in castrated mice. Castrated male mice were given daily injections of
epitestosterone (epiT, 200 or 1000 Â»ig/mouse),TP (50 or 100 ng/mouse), 17/3-
estradiol (/â€¢...SO ^g/mouse), or vehicle starting from the day of transplantation
of seed tumors. The growth of tumors in normal males was also examined. Points,
mean of seven to 10 mice: bars, Â±SE.

Tumors grown by
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Fig. 4. Androgen dependency of tumors grown in castrated mice by daily
injections of 100 fig per mouse of dexamethasone or betamethasone. SCI IS
tumors were transplanted in castrated male mice given daily injections of 100 pg
per mouse of dexamethasone or betamethasone; seed tumors were obtained from
rapidly growing tumors 4 weeks after the transplantation. The seed tumors from
three mice injected with dexamethasone (1-3. top) or three mice injected with
betamethasone (1-3, bottom) were transplanted onto normal and castrated male
mice. Points, mean of five mice.

medullary type appeared, respectively. In contrast, all of the
tumors grown rapidly by physiological doses of androgen (tes-
ticular androgens) or pharmacological doses of glucocorticoids
( 100 Mg/mouse/day of dexamethasone or betamethasone) con
sisted of medullary cells (Table 1).

AR and GR in cytosols of tumors grown in noncastrated and
adrenalectomized males and in castrated and adrenalectomized
males given daily injections of 100 //g dexamethasone or vehicle
were examined. Significant difference in levels of AR was not
found between tumors grown by physiological doses of andro
gen and those by pharmacological dose of glucocorticoid (Table
2). Although the maximum binding sites of GR were signifi
cantly higher in the tumors grown by androgen than in the
tumors grown by pharmacological dose of dexamethasone, this
difference may be explained by down regulation or occupancy
of GR by dexamethasone: GR in tumors were examined 24 h
after the last injection. It has been reported that down regulation
of GR number by dexamethasone is found in target cells of
both murine and human origin, but the A,, value remains
unchanged (22-24). As shown in Table 2, levels of AR and GR
in the tumors grown very slowly in the absence of androgen or
high doses of dexamethasone were found to be relatively low,
showing that the levels were inversely related to the amount of
androgen-independent spindle-shaped cells (see Table 1). There
were no significant differences in KA values for AR or GR
among the tumors (Table 2).

Effect of Various Doses of Glucocorticoid or Androgen on
Growth of SC-3 Cells in Serum-free Medium. The effect of
various doses of dexamethasone or testosterone on the growth
of SC-3 cells (a cloned cell line from SCI 15 cells) was studied
in serum-free medium [Ham's F-12:MEM (1:1, v/v) containing

0.1% BSA (Figs. 5 and 6). The influence of unknown factors
included in the serum could be ruled out by use of the serum-

Table 1 Effect of various doses of dexamethasone or betamethasone on
histological types of tumors in castrated mice

Castrated mice were given daily injections of dexamethasone, betamethasone
(4, 20, or 100 (jg/mouse), or vehicle starting from the day of transplantation of
seed SCI 15 tumors; tumor-bearing mice were killed 4 weeks after the transplan
tation. SC115 tumors grown in normal males were also examined 4 weeks after
the transplantation.

Dose (jig/mouse/day) Histological types

Dexa- Beta- Spindle
Castration methasone methasone cells Mixed Medullary Total

NoYesYesYesYesYesYesYes004020010000004020010007674400001021007000127777777777

Table 2 AR and GR in cytosols from tumors grown in adrenalectomized male
mice and in castrated and adrenalectomized male mice given daily injections of

100 ng dexamethasone or vehicle
Tumors were obtained 24 h after the castration or the last injection of

dexamethasone. Adrenalectomy was carried out 2-6 weeks before the sacrifice.
AR and GR in cytosols were measured as described in "Materials and Methods."
Maximum binding sites (fmol/mg protein): Kt (10"* M).

Tumors grown in AR GR

Noncastrated males

Castrated males treated with 100 ^g
dexamethasone

Castrated males treated with vehicle

40 Â±3Â°

2.1 Â±0.1
38 Â±1

1.9 Â±0.1
14 Â±2*

2.2 Â±0.2

50 Â±2
3.1 Â±0.4
26 Â±IÂ»

2.1 Â±0.3
24 Â±2*

3.2 Â±0.2
" Mean Â±SE of four separate determinations.
* P < 0.01, when compared to the value of noncastrated males (t test).
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free medium. In the serum-free medium without dexametha-
sone or testosterone, the growth of SC-3 cells could be main
tained only until 4-6 days in culture, and the cells began to die
thereafter, resulting in a decrease in cell number. On the other
hand, in the serum-free medium added with dexamethasone
(10~7 or 10"' M) or testosterone (10~8 M), the proliferation of

SC-3 cells could be maintained until 10 days in culture, resulting
in marked increases in cell number on day 10, especially in the
presence of testosterone (Fig. 5).

When cell number per dish was measured on day 10 in
culture, dexamethasone or testosterone added in the serum-free
medium stimulated the proliferation of SC-3 cells in a concen
tration-dependent manner. Although the growth of cells stim
ulated by testosterone reached a plateau at the concentration of
10~8 M, the growth by dexamethasone reached a plateau at a
much higher concentration of 10~6M. Furthermore, the number

of cells was increased markedly (by up to 25-fold) by the
addition of IO"8 M testosterone in the serum-free medium,

whereas the number of cells was increased only slightly (by up
to 3.3-fold) by the addition of 10~6M dexamethasone. However,

the increases by dexamethasone were significant at the concen
trations of 10~8-10"5 M. The increases by testosterone were
found to be significant at 10~'Â°-10"6M (Fig. 6).

The SC-3 cells rapidly grown in the serum-free medium
containing 10"'-IO"6 M of testosterone showed a fibroblast-like

10Â«!
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TOO-8M)

Dex (10-6M)

Dex (10-7M)

None

Ã“ 2 4 6 8 10 12 14 16 18
Days after Serum-free Culture

Fig. 5. Stimulatory effect of testosterone (10 * M) or dexamethasone (10 7
and 10"* M) on the growth of SC-3 cells in serum-free medium. SC-3 cells (4 x
10* cells/dish) were plated onto 35-mm dishes containing 2 ml of MEM added
with 2% DCC-treated PCS and testosterone (10"" M). On the following day (day
0), the medium was changed to 2 ml serum-free medium [Ham's F-12:MEM (1:1,

v/v) containing 0.1% BSA] in the absence (None) and presence of testosterone
(T, 10"' M) or dexamethasone (Dex, 10~7or 10"* M). Cells were harvested every

other day. Points, mean of three determinations; bars, Â±SE.
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K>*
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None10-" 10-Â»10-9 10-Â»10-7 10-6 10-5

Concentration (M)

Fig. 6. Stimulatory effect of various concentrations of testosterone or dexa
methasone on the growth of SC-3 cells in serum-free medium. SC-3 cells were
plated as shown in Fig. S. On the following day, the medium was changed to 2
ml serum-free medium (Ham's F-12:MEM (1:1, v/v) containing 0.1% BSA] in

the absence (None) or presence of various concentrations of testosterone or
dexamethasone. Cells cultured in the serum-free medium were harvested and
counted on day 10. Values, mean of three determinations; bars, Â±SE;*, P< 0.05;
â€¢â€¢,/><0.01, when compared to none (/ test).

appearance (spindle), but the cells in the serum-free medium
containing no, 10"" M testosterone, or 10~"-10~8 M dexameth

asone showed an epithelial appearance. The cells slowly grown
in the serum-free medium containing 10~7-10"5 M dexametha
sone or IO"10 M testosterone showed almost epithelial appear

ance and failed to show the fibroblast-like appearance (data not
shown).

GR in Cultured SC-3 Cells. GR in cultured SC-3 cells grown
in the serum-free medium in the presence of IO"8M testosterone
or IO"6 M dexamethasone was examined. The medium was

changed to the serum-free medium without steroid 24 h before
the examination. Although significant difference in A,, values
was not found between SC-3 cells cultured with testosterone
and dexamethasone, binding sites per cell was significantly
higher in the cells cultured with testosterone than in the cells
cultured with dexamethasone (Table 3). However, this differ
ence again may be explained by down regulation of GR by
dexamethasone (22-24). Binding sites per cell and A',,values of

GR found in SC-3 cells are not significantly different from
those found in typical glucocorticoid-responsive cells.

DISCUSSION

The present findings demonstrate for the first time that
pharmacological doses of glucocorticoid alone are able to sig
nificantly stimulate the growth of SCI 15 tumors in vivo. The
androgen dependency, growth speed, AR and GR, and histo-
logical type of the tumor grown in the presence of pharmaco
logical doses of glucocorticoid were not significantly different
from those of the original SCI 15 tumor grown in normal males.
It has been generally accepted for 20 years that the growth of
SC115 tumor is stimulated only by androgen (1-6). However,
the previous (11-14) and the present findings demonstrate the
growth-stimulatory effect of pharmacological doses of estrogen
or glucocorticoid on the growth of SCI 15 tumor, although
physiological doses of estrogen or glucocorticoid are shown to
be ineffective. Both physiological doses of androgen and phar
macological doses of estrogen or glucocorticoid markedly stim
ulate the growth in vivo of SCI 15 tumor, in which the pheno-
type, function, and hormone dependency of SCI 15 cells have
remained unchanged. However, these characteristics of SCI 15
cells have disappeared or changed gradually in the absence of
androgen or high doses of estrogen or glucocorticoid (Refs. 3,
12, 13, and 20; Table 1). The mode of action underlying the
paradoxical effect of pharmacological doses of steroids such as
estrogens, androgens, progestins, and glucocorticoids on tumor
growth is largely unknown (25, 26). The SCI 15 tumor seems
to be a good model for elucidating these mechanisms.

The present findings in cell culture demonstrate that high
concentrations of dexamethasone (greater than 10~8 M) or
physiological concentrations of testosterone (greater than 10~'Â°

Table 3 GR Â¡nSC-3 cells grown in serum-free medium containing /Â£>"*M
testosterone or I0~* M dexamethasone

SC-3 cells were plated, cultured, and stimulated in serum-free medium [Ham's
F-l 2:MEM (1:1, v/v) containing 0.1 % BSA] in the presence of 10"" M testosterone
or lo' M dexamethasone as described in "Materials and Methods." The serum-
free medium was changed to the serum-free medium without steroids 24 h before
the assay. GR in the cells obtained was measured by whole cell assay as described
in "Materials and Methods."

SC-3 cells growninTestosterone
(10~*M)

Dexamethasone ( l o " M)Binding

sites
percell21,000

Â±560"
13,400 Â±380*/C4(10"Â»M)4.90

Â±0.28
4.81 Â±0.54

Â°Mean Â±SE of four separate determinations.
* P < 0.01, when compared to the value of testosterone (10"' M; / test).
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M) significantly stimulate the proliferation of SC-3 cells, a
cloned cell line from SC-3 cells, in a serum-free medium [Ham's

F-12:MEM (1:1, v/v) containing 0.1% BSA] and that the max
imum growth stimulation induced by IO"6 M dexamethasone is
lower (3.3-fold) than that induced by 10~8 M testosterone (25-

fold). These present findings on the stimulatory effect of glu-
cocorticoid or androgen on SCI 15 cells in the serum-free
culture system are similar to findings reported previously by
other investigators (7-10, 16) in serum-supplemented media.
Furthermore, high concentrations of estrogen did not stimulate
the proliferation of SCI 15 cells in serum-supplemented (7, 8,
14, 15) and serum-free (14, 15) media. We therefore conclude
that the growth of SCI 15 cells is significantly stimulated by
physiological doses of androgen, pharmacological doses of glu-
cocorticoid, or pharmacological doses of estrogen in vivo but
by androgen or high concentrations of glucocorticoids in cell
culture.

When androgen was removed, the shape of SCI 15 cells
changed from fibroblast-like to epithelial in cell culture in the
present and the previous studies (7, 14-16) but changed from
epithelial (medullary) to fibroblast-like (spindle) in vivo in the
present (Table 1) and the previous (3,12,13) studies. Therefore,
the apparent discrepancies regarding the histolÃ³gica! changes
in SC-3 cells and SCI 15 tumors after androgen ablation are
due to the difference in the experimental condition.

It has generally been accepted that androgen activity in the
stimulation of SCI 15 tumor growth is mediated by AR in
SC115 cells (3-10,14-18). We also found that pharmacological
doses of estrogen stimulate the growth of SCI 15 tumor in vivo
possibly via ER but not via AR (13). The stimulatory effects of
pharmacological doses of glucocorticoid on SCI 15 cell growth
in vivo and in cell culture seem to be mediated by G R and not
by cross-binding to AR, since it has been shown by us (3) and
other investigators (17) that glucocorticoids including dexa
methasone do not bind to AR of SCI 15 cells and since high
doses of progesterone did not significantly stimulate the growth
of SCI 15 tumors in castrated mice; binding of [3H]testosterone

to AR in SCI 15 cells is slightly inhibited by progesterone but
not by glucocorticoids (3). SCI 15 tumor seems to be attractive,
because androgen, estrogen, and glucocorticoid stimulate
growth of the same tumor via different pathways, AR, ER, and
GR, respectively.

Recent studies have shown that the growth-stimulatory effect
of sex steroids on cell proliferation may be mediated by specific
polypeptide growth factor(s) (27). There have been some find
ings indicating that the proliferation of estrogen-responsive
breast cancer cells is mediated by growth factor(s) secreted by
the same cells under the influence of estrogen (autocrine con
trol) (28-30). The proliferation of cloned SCI 15 cells in serum-
supplemented and serum-free media was significantly aug
mented by physiological concentrations of androgen (7-10,14-
16) or high concentrations of glucocorticoid (Ref. 16; Figs. 5
and 6). Conditioned medium containing androgen-induced se
cretory products from cloned SCI 15 cells, SC-3 cells, signifi
cantly stimulated the proliferation of SC-3 cells in the serum-
free culture system, whereas control-conditioned medium ob
tained in the absence of androgen has no such stimulatory effect
(15). Physiological doses of androgen and pharmacological
doses of estrogen or glucocorticoid induced the same stimula
tory effect on the SCI 15 tumor growth in vivo (Refs. 11-15;
Fig. 1). These findings on SCI 15 cells suggest that SCI 15 cells
themselves produce growth factor(s) for their androgen-induced
growth (autocrine control) and that similar autocrine control
mechanism may possibly be present for their growth induced

by very high doses of glucocorticoid. However, pharmacological
doses of estrogen, which stimulate the proliferation of SCI 15
cells in vivo but not in cell culture (13-15), may not stimulate
the cell growth by autocrine control mechanism. If the growth-
stimulatory effect of pharmacological doses of estrogen is me
diated by such factor(s), some of the nontransformed cells may
produce growth factor(s) (paracrine or endocrine control); the
growth stimulation by estrogen-induced prolactin secretion
from the pituitary seems to be ruled out, since simultaneous
injections of estrogen and bromocriptine inhibited an increase
in estrogen-stimulated prolactin secretion but had no effect on
the estrogen-enhanced growth of SCI 15 tumors (11). However,
the possibility that the synthesis of growth factor(s) in SCI 15
cells by estrogen is impaired only /';/ vitro must be taken into

account. The culture system in the serum-free medium used in
the present and previous (14,15) studies seems to be very useful
in the investigation of precise mechanisms of the growth stim
ulation induced by steroid hormones, since we can rule out the
influence of unknown factors present in the serum. By use of
SC-3 cells in the serum-free culture system, molecular mecha
nisms of androgen-, glucocorticoid-, and/or estrogen-induced
growth of SC-3 cells should be examined in detail in future
studies.
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