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ABSTRACT

We investigated the effects of dihydrotestosterone (DHT), hydrocorti-

sone (HO, basic fibroblast growth factor ilil (.1 i. and opioid peptides on
the growth nf cells from the androgen-responsive Shionogi mouse mam
mary carcinoma (SC115) in primary culture. Androgen-responsive SC115

tumor cells were stimulated to grow in response to DHT, IK. and bFGF
in a dose-responsive manner in both serum-containing and serum-free
media. Moreover, anti-lil <,1 antibody had a marked inhibitory effect on
DHT- and bFGF-induced growth. Three opioid agonists, ÃŸ-endorphin
(ÃŸ-EP),cyclazocine. and morphine sulfate, markedly inhibited SC1I5 tu
mor cell growth at concentrations ranging from 10 " to 10 Min serum-

containing medium with or without DHT, lit. or bFGF, with the greatest
inhibition occurring in medium with DHT. In serum-free medium, ÃŸ-EP
had no inhibitory effects on cell growth. However, ÃŸ-EPat concentrations
of III " M or greater significantly inhibited cell growth in serum-free

medium containing DHT, lie. or bFGF, with the greatest inhibition again
occurring in medium with DHT. Naloxone (I0~" and III '' M), an opioid

receptor antagonist, blocked the inhibitory effects of ÃŸ-EPand morphine

sulfate. These results suggest that SC115 tumor cells in primary culture
are stimulated to grow in a dose-responsive manner by DHT, HC, or bFGF
in both serum-containing and serum-free media. It appears that bFGF
may mediate, at least partially, DHT-stimulated cell growth. In addition,

the opioid peptide system may be involved in regulating endocrine control
of growth of the androgen-responsive SC115 carcinoma. The dose-respon

sive inhibitory effects of opioids and their reversal by naloxone suggest
that these effects may be mediated by opioid receptors.

INTRODUCTION
The trunsplantahle AR' Shionogi mouse mammary carcinoma

(SCI 15), established by Mincsita and Yamaguchi (1), has been an
excellent model to study the effects of steroid hormones on tumor cell
growth. Androgens are the major stimulators of growth of the SCI 15
tumor I'Mvivo (2, 3) and of a cloned cell line derived from the SCI 15
tumor I'Mvitro (4) via interaction with androgen receptors (3). Phar

macological concentrations of glucocorticoids also stimulate growth
of this tumor I'Mvivo (5, 6) and of a SCI 15 cell line I'Mvitro (5, 7).

Recent studies utilizing this cloned SCI 15 tumor cell line indicate that
the stimulatory effects of androgens and glucocorticoids on SCI 15
tumor cell proliferation may he mediated by the synthesis of fibroblast
growth factor-like peptides, which act on the cells in an autocrine

fashion (7). Little work has been done, however, on the effects of
steroid hormones and growth factors on growth of AR SCI 15 tumor
cells in primary culture.
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Data suggest that the opioid peptides, which modulate analgesic (8),
behavioral (8), endocrine (9), and immune functions (10, 11), have the
ability to retard the growth of a number of different tumors (12-16) as

well as that of normal cells (17, 18). For example, chronic adminis
tration of heroin, an opioid agonist, has been shown to retard tumor
growth and prolong survival time in mice with transplanted neuro-
blastomas (15) and to inhibit neuroblastoma cell growth I'Mvitro (16).

The antitumor effect is blocked by simultaneous administration of the
opioid antagonist, naloxone. Moreover, opioid antagonists alone may
have stimulatory or inhibitory effects on neuroblastoma growth de
pending on the dosage used (19). Opioid receptors may mediate both
the stimulatory and inhibitory effects of opioid agonists and antago
nists (20). Inhibitory effects of the opioid peptides and their agonists
and antagonists on tumors, such as mammary carcinomas (21) and
melanomas (13), have also been demonstrated. Met- and leu-enkepha-
lins significantly inhibit the growth rate of the B16-BL6 melanoma

(13) and decrease the number of mÃ©tastasesto the lung (14). In
addition, pretreatment with naloxone and naltrexone may significantly
inhibit the growth of carcinogen-induced mammary cancers in rats

(21) and cause complete regression in mice with spontaneous and
transplantable mammary tumors (22). Furthermore, clinical studies
show that a high percentage of primary ductal carcinomas of the breast
and mÃ©tastasescontains opioid peptide immunoreactivity (23). In
vitro, it has been shown that a human breast carcinoma cell line,
MCF-7, possesses multiple opioid receptor subtypes (24). Opioid

ligands specific for the different receptor subtypes significantly inhibit
the growth of MCF-7 cells in a naloxone-revcrsible manner. Effects of

opioid peptides and their agonists and antagonists on the growth of
SCI 15 tumor cells have not been investigated.

The present study was designed to examine the effects of the steroid
hormones DHT and HC and the growth factor bFGF on the growth of
AR SCI 15 tumor cells in primary culture and to assess the effects of
opioid agonists and antagonists on the hormonal regulation of growth.
The results of this study suggest that the opioid peptide system may be
involved in regulating endocrine control of growth of the AR SCI 15
mammary carcinoma.

MATERIALS AND METHODS

Materials. DMEM and Ham's F12 medium were purchased from the Terry

Fox Laboratory (Vancouver. BC). Fetal bovine serum and trypsin were pur
chased from the Grand Island Biological Co. (GIBCO, Burlington. ON). DHT.
HC. insulin. bFGF. naloxone. BSA. bovine scrum, DMSO. and EDTA were
purchased from Sigma Chemical Co. (St. Louis. MO). The IgG fraction of
bFGF antibody was purchased from R & D Systems. Ine. (Minneapolis. MN).
Rahbit IgG used as a eontrol was a gift from Dr. J. H. Lcdsome. Department
of Physiology. University of British Columbia. ÃŸ-EP.CZ. and MS were sup
plied hy Peninsula Laboratories (San Carlos. CA). Sterling Drug Co. (Rens-

selaer. NY), and BDH. Inc. (Toronto. ON), respectively. Nitex filters were
obtained from Tetko. Ine. (Elmsford. NY).

Tumor. The SCI 15 tumor originated spontaneously in u female mouse of
the DD/S strain. After passage 19 in male mice, an AR variant arose that grew
more rapidly in males than in females (2. 3). As described previously (25-27).

the AR SCI 15 tumors were maintained by serial transplantation in male DD/S
miee. When tumors reached a weight of 2 to 3 g, they were excised, minced.
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and dissociated in Ca2 ' -Mg- ' -free Saline A. pH 7.3, containing 0.05% trypsin
( 1:250) and 0.025% EDTA, at 37Â°Cfor two 7-min periods. At the end of each

period, the cells in suspension were collected and centrifuged at 80 x g for 4

min. The pellets were resuspended in DMEM and combined. The cell suspen
sion was filtered through 150-fim Nitex to collect small cell aggregates and

single cells. Viable cells, determined by trypan blue exclusion, were counted on
a hcmacytometer, resuspended in DMEM. and injected into male mice at 3 X
10" cells/mouse. The remaining cells were fro/en in polypropylene tubes in

medium containing 44% bovine serum and 6% DMSO at a concentration of I
to 2 X IO7cells/vial and stored in liquid nitrogen for use in cell culture studies.

Cell Culture. Frozen SCI 15 cells were quickly thawed, washed twice with
DMEM. and seeded at 5 X K)4 cells/cm2 onto collagen-coated 96-well mi-

crotiter tissue culture plates (28). The cells were incubated in DMEM contain
ing IXTFBS (21)) or in serum-free medium, composed of phenol red-free

DMF.M:FI2 (1:1) containing 1.0 mg/ml of BSA and 0.1 Â¿ig/mlof insulin, as
follows: (a) DCTFBS alone; (/>) DCTFBS plus DHT (3.5 X 1()-'" to 3.5 x
10-" M). HC (H)-" to H)-5 M), or bFGF (0.01 to 10 ng/ml); (c) serum-free
medium alone; (d) serum-free medium plus DHT (3.5 x l()-'" to 3.5 x H)-"
M), HC (H)-" to It)'5 M), or bFGF (0.01 to 10 ng/ml). In some experiments,

cells were cultured in serum-free medium in the presence or absence of DHT
(3.5 X Itr* M) or bFGF (10 ng/ml) with or without anti-hFGF antibody (400

fj.g/ml) or control IgG. Cultures were terminated on Days 1. 2, 5. or 7.
depending on the experiment.

In another set of experiments. SCI 15 tumor cells were cultured in serum-
containing medium or serum-free medium with or without DHT. HC, or bFGF

at concentrations that were shown to be optimal for growth stimulation in the
experiments above. Beginning on Day 2 in culture, the freshly prepared opioid
agonists. ÃŸ-EP,CZ. or MS. at concentrations ranging from K)-'2 to 10~7 M,

were added with each medium change for 3 consecutive days. In additional
experiments, the opioid antagonist, naloxone. at concentrations of K)"" and
10~" M. was added with the opioids at each medium change. The effects of
naloxone alone (10~12 to 10'" M) were also determined. All cultures were

terminated on Day 5.
Cell Growth. For the initial studies, viable cells, determined by trypan blue

exclusion, were counted on a hemacytomcter. and cell counts were compared
with the absorbances determined by the MTT assay using a %-well microplate
reader (Model EL3I I; Bio-Tek Instruments) at 540 nm (30). There was a linear

relationship between cell counts and the absorbante readings; therefore, the

MTT assay was used routinely in subsequent experiments. Cell growth for each
experimental condition was expressed as a percentage of the control (cell
numbers for the control condition are specified in each experiment).

Statistics. Statistical analysis of the data was carried out using appropriate
ANOVAs. Significant main or interaction effects in the ANOVAs were further
analy/ed by Tukey's Â¡UHIhoc tests.

RESULTS

Effects of Steroid Hormones and bFGF on SC115 Tumor Cell
Growth. The initial scries of experiments was designed to examine
the effects of the culture conditions to he used in this study on the
growth of SCI 15 tumor cells in primary culture. Tumors were disso
ciated to single cells and cultured on collagen-coated dishes in either
serum-containing or scrum-tree medium, with or without the physi
ological concentration of DHT (3.5 X 10~KM) or a pharmacological
concentration of HC (10~(>M). Experiments were terminated after 1, 2,

5. or 7 days in culture. Cell counts indicated that virtually all cells
attached to the substrate and that cultures were still in the exponential
phase of growth at 5 to 7 days. Cells cultured in either serum-con
taining or serum-free medium alone grew slowly; by 7 days they
increased approximately 1.5- to 2-fold over the initial seeding density.

In medium supplemented with DHT. cell growth was approximately
2- to 3-fold greater than in the absence of DHT (i.e.. cell counts were
4- to 6-fold greater than the initial seeding density). HC-containing
medium stimulated growth approximately 1.5- to 2-fold greater than
serum-containing or serum-free medium alone (i.e., cell counts were
3- to 4-fold greater than the initial seeding density).

In addition, it was observed that SCI 15 cells cultured in both
serum-containing and serum-free media were homogeneous but had

different morphologies in the presence and absence of DHT. In the
presence of DHT, there were large islands of epithelial cells that were
somewhat elongated in shape. In the absence of DHT. the cells were
smaller and rounder than in its presence and formed clusters or cords
of cells. The data on the growth and morphology of SCI 15 cells in
primary culture obtained in this study were consistent with previous
data obtained with cells grown on collagen gels (25. 26).

The next series of experiments examined the effects of a range of
concentrations of DHT and HC on the growth of SCI 15 cells in
primary culture. Cultures were terminated on Day 5 (in their expo
nential growth phase, as noted above). DHT significantly stimulated
cell growth in a dose-responsive manner in both serum-containing and
serum-free medium (fs < 0.001; Fig. 1/4). In serum-containing me
dium, growth in response to doses of 3.5 X 10~"' to 3.5 X 10~7Mwas

significantly greater than growth in response to control medium (with
out DHT) (Ps < 0.05 or less; Fig. 1/4). Growth stimulation was
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Fig. I. Effects of DHT. HC. and tiFClF on the growth of primary cultures of SCI 15
tumor cells. Cells were cultured on collagen-coated %-well tissue culture plates in
medium containing DCTFBS or in serum-free medium, phenol red-free DMEM:F12 (1:1)
plus 1.0 mg/ml of BSA and 0.1 Â¿ig/mlof insulin, containing different concentrations of
DHT (A ). HC (B). or bFGF (C). After 5 days, cultures were terminated, and cell growth
was determined by the MTT assay. C'ell growth was expressed as a percentage of cells in
the control cultures (2.7 x H)4 cells in serum-containing medium or 2.9 X IO4 eells in
serum-free medium without DHT. HC'. or hFGF). Point*, mean of 4 to f>experiments:

bars. SEM. SCI 15 cell growlh was significantly stimulated in a dose-responsive manner
by DHT. HC'. and bFGF. *P < 0.05; *V < 0.01; *"P < 0.001 compared with controls.
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maximal at doses of 3.5 X 1(TNand 3.5 X 1(T7 MDHT(Ps < ().(K)1).

In scrum-free medium, DHT significantly stimulated cell growth over

that in control medium at all concentrations examined (Ps < 0.05 or
less; Fig. LA), with maximal stimulation also occurring at doses of 3.5
X 10'" and 3.5 X 1(T7 M DHT (Ps < 0.001).

Similarly, HC significantly stimulated SCI 15 cell growth in a dose-
responsive manner in both serum-containing (P < 0.01) and serum-

free (P < 0.05) medium (Fig. IÃŸ).Cell growth was significantly
increased over that observed in control medium at a dose of 10~7MHC

and was maximal at this dose in both serum-containing (P < 0.001)
and serum-free (P < 0.05) medium.

Finally, significant main effects of dose on SCI 15 cell growth were
found for bFGF in both serum-containing and serum-free medium
(Ps < 0.001). In serum-containing medium, cell growth was stimu
lated in a dose-responsive manner. Growth in response to all concen

trations of bFGF tested was significantly greater than that observed in
response to control medium (Ps < 0.05 or less; Fig. 1C), with maxi
mal stimulation occurring at a concentration of 0.1 ng/ml of bFGF (P
< O.(X)l). In serum-free medium, SCI 15 cell growth was maximally

stimulated by the lowest concentration (0.01 ng/ml) of bFGF tested;
cell growth appeared to plateau and was not further stimulated by
higher concentrations of bFGF (Ps < 0.001 at all concentrations, Fig.
1C). Furthermore, examination of Fig. I indicates that growth stimu
lation by bFGF was greater than growth stimulation by DHT or HC
(approximately 3-fold, 2-fold, and 1.5- to 2-fold, respectively).

Experiments were then conducted to examine the possibility that
bFGF may play a role in mediating the growth-stimulating effects of
DHT. SCI 15 tumor cells were cultured in serum-free medium with or
without DHT (3.5 X 10~8 M) or bFGF (the physiological concentra

tion, 10 ng/ml) in the presence or absence of anti-bFGF antibody (400

fxg/ml). The ANOVA indicated a significant interaction of antibody
(absence or presence) and condition (control, no DHT- or bFGF, or
DHT- or bFGF-containing medium) (P < 0.001). As expected, with
out anti-bFGF antibody present, both DHT and bFGF significantly

stimulated SCI 15 cell growth over that observed in control medium
(Ps < 0.001). Moreover, consistent with the previous experiment, cell
growth was significantly more stimulated by bFGF than by DHT
(P < 0.001; Fig. 2A). In contrast, anti-bFGF antibody had a marked
inhibitory effect on both DHT- and bFGF-induced tumor cell growth
(Ps < 0.001; Fig. 2B). When anti-bFGF antibody was added to

medium containing DHT, it significantly suppressed SCI 15 tumor cell
growth to the control level. When anti-bFGF was added to medium

containing bFGF, it suppressed SCI 15 cell growth to below the con
trol level (P < 0.001). It should also be noted that the anti-bFGF
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Fig. 3. Inhibitory effects of ÃŸ-tP.CZ. and MS on the growth of primary cultures of
SCI 15 tumor cells. Cells were cultured in medium containing 2'* DCTFBS with or
without DHT (3.5 X 11)-"M)or HC (ID" M) as described in Fig I Beginning on Day 2.
ÃŸ-hP.CZ. or MS was added to some of the cultures with each medium change for 3
consecutive days. Alier 5 days in culture, cell growth was determined and expressedas a
percentage of cells in the control cultures (medium without opioids: 2.y X IO4 cells in
medium without hormones, 5.K x |(t4 cells in medium with UHT. and 4.4 x IO4cells in
medium with HC'). The offrit buts represent the control cultures. The Â¡Hittcntcdburs
represent cultures containing the opiuids. the concentrations being 10"". 1U~'',and H)~7

Mgoing from left lo rialti. Columns, mean of ft experiments: /Â»ur.v.SUM. In A. SCI 15cells
were significantly inhibiied by II)-" lo IIT7 M ÃŸ-EPand CZ and by 10-" M MS in

medium without DHT or HC. All 3 opioids at all concentrations examined significantly
inhibited SCI 15cell growth in medium containing DHT (B) or HC(C'). **/> < 0.01; *"*/>

< 0.001 compared with controls.
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Fig. 2. Inhibitory effects of anti-bFGF antibody on DHT- and bFGF-stimulated growth
of primary cultures of SCI 15 tumor cells in scrum-free medium. Cells were cultured with
or without DHT (3.5 X 1U"KM)or bFGF ( 10 ng/ml) as described in Fig. 1 in the absence

(Fig. 2A ) or presence (Fig. 2B) of anti-bFGF antibody and terminated alter 5 days. Cell
growth was expressedas a percentageof cells in the control cultures (C: 3.2 X HI4 cells
in serum-free medium without DHT. bFGF. or antibody). Column*, mean of 4 experi
ments, ban, SbM. Anti-bFGF antibody at a concentration of 4(M) |o.g/ml significantly
inhibited SCI 15 cell growth stimulated by DHT or bFGF. "P < 0.01; "'P < 0.001

compared with control.

antibody alone significantly inhibited cell growth in the absence of
DHT and bFGF (P < 0.01), albeit to a lesser degree. Control IgG had
no effect on SCI 15 tumor cell growth, P > 0.10 (data not shown).

Effects of Opioids and Naloxone on SC115 Tumor Cell Growth.
The effects of opioid agonists on SCI 15 tumor cell growth were
studied. ÃŸ-EP,CZ, and MS (K)-'2 to 10~7 M), each of which binds to

at least one of the 3 opioid receptors, 6, K, and ju, were used in these
experiments. The first set of experiments examined the effects of these
3 opioid peptides on the growth of SCI 15 tumor cells in serum-

containing medium, with or without the addition of DHT or HC. As
shown in Fig. 3/4, there were significant main effects of both ÃŸ-EPand
CZ (Ps < 0.001) on growth of SCI 15 tumor cells cultured in serum-

containing medium alone. Cell growth was significantly decreased
(approximately 20%) by the addition of these 2 opioids at concentra
tions of 10~" Mand higher (Ps < 0.01 or less; Fig. 3A). There was
no inhibition at 10~12M.MS had no significant effect on tumor growth
in this medium except at a concentration of 10"" M (P < 0.01).

Growth of SCI 15 tumor cells cultured in medium containing DHT
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STEROIDS AND OPIOIDS IN SCI 15 CELL GROWTH

(3.5 X 10"s M)or HC (IO"6 M)was significantly inhibited (25 to 40%

and 10 to 35%, respectively) by all 3 opioids at concentrations of
10"" and higher, compared to that in the control medium (Ps <
0.001; Fig. 3J) and C), but not at 10~12 M. Furthermore, as shown in

Fig. 4, the ANOVA indicated that growth of SCI 15 tumor cells cul
tured in serum-containing medium with bFGF (10 ng/ml) was signifi
cantly inhibited in a dose-responsive manner by ÃŸ-EP(P < 0.001).
ÃŸ-EPhad an inhibitory effect on cell growth at concentrations of 10~9
and IO"7 M(fs < 0.01), but not at concentrations of less than IO"1*M.

In all cases, observation of the cultures and examination of the spent
media indicated that the decrease in cell number in the presence of
opioids was due to an inhibition of growth and not to cell detachment.

In another set of experiments, the effects of ÃŸ-EPon SCI 15 cell
growth in serum-free medium with or without DHT. HC. or bFGF
were examined (Fig. 5). ÃŸ-EPhad no significant inhibitory effect on
SCI 15 cell growth in serum-free medium alone (Fig. 5A ). In contrast,
ÃŸ-EPwas found to inhibit cell growth in a dose-responsive manner in
serum-free medium containing DHT (P < 0.001 ), HC (P < 0.05), and
bFGF (P < 0.001 ). In DHT-containing medium, significant inhibitory
effects of ÃŸ-EPwere observed at doses of 10~l)(P < 0.05) and 10~7

M(P < 0.001). In HC-containing medium, cell growth was inhibited
at a dose of 10~" M ÃŸ-EP(P < 0.05), and growth inhibition ap
proached significance (P < 0.07) at a dose of 10^7 M ÃŸ-EP.In

bFGF-containing medium, cell growth was significantly inhibited at
doses of 10"" and IO"7 M(Ps < 0.01).

The effects of the opioid antagonist, naloxone, on ÃŸ-EP-or MS-

induced inhibition of SCI 15 cell growth in medium containing DHT
(3.5 X 10~8M) or HC (10~" M) were then examined. As growth-

inhibiting effects of these opioids were found to be greater in serum-
containing medium than in serum-free medium, these experiments
were carried out using serum-containing medium. Fig. (v4 shows that
ÃŸ-EP(H)~'' M) significantly inhibited SCI 15 cell growth compared

with that in control medium (P < 0.01) and that naloxone at concen
trations of l()~s and 10~6 M totally blocked the inhibitory effects of
ÃŸ-EP.Similarly, Fig. 6ÃŸshows that MS (10"'( M) significantly inhib

ited SCI 15 cell growth (P < 0.001) and that naloxone either totally
(10"s M) or partially (10"" M) blocked the inhibitory effects of MS.

Comparable results were obtained for the effects of naloxone in HC-
containing medium. That is, both ÃŸ-EPand MS (at concentrations of
l()-c' M) significantly inhibited SC115 cell growth (fs < 0.001).

Naloxone totally blocked the inhibitory effects of ÃŸ-EPat both doses
tested, and either totally (10~K M) or partially (U)"'1 M) blocked the

inhibitory effects of MS.
The effects of naloxone (10~12 to 10"'' M) alone on the growth of

SCI 15 cells in serum-containing medium with or without steroid
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Fig. 4. Inhibitory effects of ÃŸ-EPon the growth of primary cultures of SCI 15 tumor
cells in medium containing hFGF. Cells were cultured in medium supplemented with 2%
DCTFBS and 10 ng/ml of hFGF as described in Fig. I. Beginning on Day 2. ÃŸ-EPwas
added to some of the cultures as described in Fig. 3. After 5 days in culture, cell growth
was determined and expressedas a percentage of cells in the control cultures (6.5 X IO4
cells in medium wilhout ÃŸ-EP).Column.-*,mean of tt experiments; bar*. SEM. bFGF-
stimulated growth of SCI 15 cells was significantly inhibited by 10~1'and 10~7M ÃŸ-F.P
(Ps < 0.01) but was not inhibited by K)"" M ÃŸ-EP.
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Fig. 5. Inhibitory effects of ÃŸ-EPon the growth of primary cultures of SCI 15 tumor
cells in serum-free medium. Cells were cultured in serum-free medium alone or with DHT
(3.5 X 10-*M). HCflO-'-M), or bFGF (10 ng/ml) asdescribed in Fig. 1. Beginning on Day

2. ÃŸ-EPwas added to some of the cultures as described in Fig. 3. After 5 days in culture,
cell growth was determined and expressedas a percentageoÃcells in the control cultures
(medium without ÃŸ-EP;3.1 X IO4 cells in serum-free medium alone, 5.7 X IO4 cells in
medium with DHT. 4.5 x III4 cells in medium with HC. and 7.3 X IO4cells in medium
with bFGF). Pmnis. mean of 2 to 4 experiments; bars. SEM. ÃŸ-EPdid not inhibit growth
of SCI 15 cells in serum-free medium alone, but did significantly inhibit growth in a
dose-responsive manner in medium containing DHT. HC. or hFGF. *P < 0.05; **P <
0.01; "'P < 0.001 compared with controls.
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Fig. o. Reversal of opioid-inhibitory effects on growth of primary cultures of SCI 15
tumor cells by naloxone. Cells were cultured in medium containing 2r'i DCTFBS plus
DHT (3.5 X 10-* M) as described in Fig. 1. Beginning on Day 2, ÃŸ-EP(10-" M) or MS
(10~" M) with or wilhout naloxone (Nal) was added to some of the cultures as described

in Fig. 3. After 5 days in culture, cell growth was determined and expressed as a
percentageof cells in the control cultures (C; 6.2 X IO4cells in medium without opioids
or naloxone). Columns, mean of 6 experiments; bars, SEM. ÃŸ-F.Pand MS significantly
inhibited SCI 15 cell growth. Naloxone at concentrations of 10~Kand IO"'1Mreversed the
growth-inhibitory effects of both ÃŸ-EP(A ) and MS (B). *P < 0.05; "P < 0.01; â€¢¿�â€¢*/Â»<

0.001 compared with control.

hormones were also examined. In medium without hormones (Fig.
7/4), naloxone alone significantly inhibited SCI 15 cell growth only at
the highest dose tested (10~6 M) (P < 0.01), whereas in DHT-con

taining medium (Fig. IB), naloxone alone inhibited SCI 15 cell
growth at doses of IO"1" M(P < 0.05), 10"" M(P < O.(X)l), and IO"6

M(P < 0.001). Naloxone alone had no effects on SCI 15 cell growth
in HC-containing medium (Fig. 1C).

DISCUSSION

Previous data have shown that physiological concentrations of an-

drogens and pharmacological concentrations of glucocorticoids sig
nificantly stimulate the proliferation of the AR SCI 15 tumor in vivo
(2, 3, 5, 6) and the growth of cloned cell lines derived from AR SCI 15
tumor cells in vitro (4, 5, 7). The data from experiments in this study
demonstrate that these concentrations of DHT and HC also signifi
cantly stimulate growth of primary cultures of AR SCI 15 tumor cells.
We have previously shown that SCI 15 tumor cells in primary culture
are stimulated to grow by DHT when cultured on collagen gels in the
presence of serum (25, 26). This study extends our previous work by
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Fig. 7. Effects of naloxone on the growth of primary cultures of SCI 15 tumor cells.
Cells were cultured in medium containing 2% DCTFBS with or without DHT (3.5 X 10~*
M) or HC (K)"" M) as described in Fig. 1. Beginning on Day 2, naloxone was added to

some of the cultures as described in Fig. 3. After 5 days in culture, cell growth was
determined and expressed as a percentage of cells in the control cultures (medium without
naloxone; 2.8 X 1()4cells in medium without hormones, 5.4 X K)4 cells in medium with
DHT, and 4.6 X IO4 cells in medium wilh HC). The open bars represent the control

cultures. The patterned bars represent the cultures containing naloxone at concentrations
of 10~10, 10~8, and 10~6 M,going from left to right. Columns, mean of 6 experiments; bars,

SEM. SC115 cells were significantly inhibited by naloxone in medium containing serum
alone (A) and in medium containing DHT (ÃŸ),but not in medium containing HC (C).
â€¢¿�P< 0.05; "P < 0.01; "*P < ().(X)1 compared with controls.

demonstrating that SCI 15 tumor cells in primary culture are stimu
lated to grow in a dose-responsive manner by DHT, HC, and bFGF
when seeded on collagen-coated dishes in serum-free medium as well

as in medium containing serum.
The growth-stimulating effects of steroid hormones on cell prolif

eration may be mediated by production of specific peptide growth
factors or their receptors (31). It has been shown that the effects of
androgens and glucocorticoids on proliferation of a cloned cell line
derived from AR SCI 15 tumor cells are mediated by fibroblast growth
factor-like peptides (both acidic and basic FGFs) in an autocrine

fashion (7), although other data suggest that mechanisms other than
induction of FGF-like peptides are also likely involved (32). Our data
demonstrate that DHT and bFGF enhance (approximately 2-fold and
3-fold, respectively) SCI 15 tumor cell growth in primary culture both
in serum-containing and serum-free medium. Anti-bFGF antibody
significantly inhibits both the DHT- and bFGF-induced SCI 15 tumor
cell growth, suggesting that DHT-stimulated growth in primary cul
ture may be mediated, at least in part, via bFGF activity. Anti-bFGF

also inhibits growth to a limited degree in the absence of DHT or
bFGF. It is possible that bFGF is an autocrine growth factor for these
cells and that it is produced in smaller quantities in the absence than
in the presence of DHT.

Opioid peptides have been shown to decrease growth of some
normal and malignant cells (12-18). This is the first study to demon

strate that the opioid peptide system may be involved in decreasing
SCI 15 tumor cell growth. Furthermore, the opioids have a greater
inhibitory effect in the presence of hormones than in their absence. In
serum-containing medium, the opioid agonists j3-EP, CZ, and MS

retard SCI 15 tumor cell growth in the presence or absence of hor
mones at concentrations of 10~" M and higher, with the greatest

inhibition occurring in the presence of DHT. In serum-free medium,
ÃŸ-EPhas no inhibitory effect in the absence of hormones, whereas it
significantly inhibits growth at concentrations of IO"9 Mand greater in

the presence of hormones. Inhibition is again most marked in the
presence of DHT. These data are consistent with previous data on the
effects of opioids on the MCF-7 human breast cancer cell line (24).

The inhibitory effects of opioids appear to be restricted to the hor
mone-responsive fraction of MCF-7 cells. If opioids are administered
to cultures of MCF-7 cells grown in the absence of hormones that are

contained in serum, no inhibition is observed. Of interest is the ob
servation that, in both serum-containing and serum-free media, ÃŸ-EP

has a greater inhibitory effect on SCI 15 tumor cell growth in the

presence of DHT than in the presence of bFGF. These data are con
sistent with previous results (32) suggesting that factors other than
FGF-like peptides induced by DHT are likely involved in mediating

the effects of DHT on the growth of these cells.
The mechanism by which opioid peptides modulate tumor growth

may involve binding to opioid receptors. Multiple receptors for opioid
peptides have been characterized from several tumor cell lines (20,
24). Naloxone, a /Â¿-receptorantagonist, inhibits opioid action in vivo

(19, 21) and in cell culture (16, 24). Our results are consistent with
these findings. When naloxone is added to the culture medium, it
blocks the inhibitory effects of ÃŸ-EPand MS. The dose-responsive

inhibitory effects of opioids and their reversal by naloxone suggest
that these effects may be mediated by opioid receptors. We also show
inhibition of growth by naloxone itself, as has been reported by others
(19, 21, 22). It has been suggested that naloxone-induced inhibition of

tumor growth may occur through the action of naloxone as an opioid
agonist or through independent channels (19). In vivo, naloxone may
provoke an overcompensating release of endorphins, and these en
dogenous compounds may in turn work in a fashion similar to that of
the exogenous opioids.

In summary, we have demonstrated that androgens, glucocorticoids,
and bFGF stimulate growth of SCI 15 tumor cells in primary culture.
These data further suggest that bFGF may mediate, at least partially,
the stimulating effects of androgens on tumor cell growth. Moreover,
the opioid peptide system may be involved in regulating endocrine
control of growth of the androgen-responsive Shionogi mouse mam

mary carcinoma in vivo.
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