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ABSTRACT

The role of progesterone either alone or in combination with other
hormones in breast cancer growth is not well established. In these
experiments, using the hormone-responsive /Y-nitrosomethylurea-induced
rat mammary tumor grown in the soft agar clonogenic assay, we tested
the colony-stimulating effect of progesterone and the synthetic progestin
R5020 over a wide range of physiological and pharmacological concen
trations (from 0.1 nM to 10 MM). Both progesterone and R5020 were
found to have a significant colony-stimulating effect which was more
pronounced in the absence of serum. The action of progesterone appeared
to plateau at concentrations of 10 or 100 n\i. whereas RS020 was
maximally effective at lower concentrations (~1 UM).A biphasic dose-
dependent effect was occasionally seen both with progesterone and R5020
with a loss of colony-stimulating effect at high concentrations. The
combined administration of varying doses of progesterone (0.1,1,10, and
100 IIM) and estradici (Id'" M and 10"' M) was found at times to

potentiate and at times to decrease colony formation over that observed
with the individual treatments. The former effect, when present, was
usually seen with low doses of progesterone, while the latter was fre
quently observed with high concentrations (100 n\i). No major potentia-
tion or suppression of colony formation over individual treatments was
observed when varying doses of progesterone (1, 10, and 100 HM)were
added together with prolactin (50 ng/ml). The administration of the
polyamine biosynthesis inhibitor a-difluoromethylornithine completely
blocked the colony-stimulating effect of progesterone. The inhibitory
effect of a-difluoromethylornithine was completely reversed in a dose-
dependent fashion by exogenous administration of spermidine, thus im
plying a critical involvement of the polyamine pathway in progesterone
action.

INTRODUCTION

The role of progesterone in the growth of hormone-respon
sive breast cancer is poorly elucidated. Both growth inhibitory
and promoting effects of progesterone have been reported with
regard to (a) induction of rat mammary tumorigenesis by chem
ical carcinogens (1-3), and (b) growth of established human
and experimental breast cancers both in vitro and in vivo (4-

10).
Over the last few years we have successfully utilized the soft

agar clonogenic assay under serum-free conditions to evaluate
the effects of various hormones such as estradici (11), prolactin
(12), and growth hormone (12) on the growth of experimental
breast cancer in vitro. Thus, we felt that this technique would
give us the unique opportunity to systematically evaluate the
effects on breast cancer growth in vitro of progesterone either
given alone or in combination with other hormones. In addition,
we also evaluated the role of polyamines in the expression of
progesterone action, since these compounds have been found
in our system to be critical mediators of the effect of estradiol
(11), prolactin (12), and growth hormone (12).
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MATERIALS AND METHODS

Tumor Induction and Culture Techniques

Mammary tumors were induced in 40-day-old female Sprague-Daw-
ley rats by administration of NMU2 as previously described (12). Single

cell suspensions of freshly excised mammary cancers were cultured
under serum-free media conditions in soft agar according to the method
described by Hamburger and Salmon (13) and Von Hoff Ã©tal.(14) with
slight modifications. The details of the technique used in our laboratory
have been recently extensively published (12, 15).

Materials

NMU, progesterone, R5020, estradiol, and spermidine were all
obtained from Sigma Chemical Co., St. Louis, MO. DFMO was
supplied by Merrell Research Center, Menell Dow Pharmaceuticals,
Inc., Cincinnati, OH. oPRL-17 was supplied by the National Institute
of Arthritis, Diabetes, and Digestive and Kidney Diseases, Bethesda,
MD. The biopotency of this preparation was 31 lU/mg. The contami
nation of oPRL with other anterior pituitary hormones was less than
0.5%.

Experimental Design

Dose-Response Studies. In initial experiments we evaluated the col
ony-stimulating effects of increasing concentrations of progesterone
and the synthetic progestin R5020 both in the absence and in the
presence of serum. Five separate experiments were performed under
serum-free media conditions, while three experiments were conducted
in the presence of serum. For each experiment a separate pool (usually
three) of NMU mammary tumors was used. In these and subsequent
experiments it was necessary to use a pool of tumors to generate a
sufficiently large cell suspension to test simultaneously the various
experimental treatments. Single cell suspensions obtained from the
tumor pool were plated in soft agar under control conditions and in the
presence of increasing concentrations (from 0.1 n\i to 10 /<M) of
progesterone and R5020. Five replicate dishes were used for each
experimental condition. The number of colonies (aggregates of more
than 50 cells) formed 6 days after plating was used to evaluate the
effects of our treatments on tumor colony formation. Colony counting
was performed by one of us (B. B. or C. W.) using an inverted phase
microscope. The validity of this parameter has been supported by its
correlation with incorporation of tritiated thymidine into DNA (16).
The doses of progesterone and R5020 used were selected to represent
a wide range of physiological and pharmacological amounts.

Individual and Combined Effects of Progesterone and Estradiol. Ini
tially we tested the potential synergism between estradiol and proges
terone in stimulating NMU mammary tumor colony formation in soft
agar. To test this hypothesis we utilized a dose of estradiol (10~'Â°M)

which, in our system, has by itself minimal colony-stimulating effect
(11). On the basis of our dose-response studies (see "Results") we

utilized both suboptimal (0.1 and 1 n\i) as well as optimal (100 n\t)
concentrations of progesterone. Four separate experiments were con
ducted to evaluate the colony-stimulating effect of these treatments
given either individually or in combination.

In a subsequent set of 4 experiments we evaluated the potential
antiestrogenic effect of progesterone. To test this concept we utilized a
dose of estradiol (10"' M) which, in our system, has been shown to be

1The abbreviations used are: NMU, W-nitrosomethylurea; DFMO, a-difluo-

romethylornithine; oPRL, prolactin.
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effective in stimulating colony formation (11). Progesterone was used
in these experiments in doses of 1, 10, and 100 nM. As in the previous
experiments these treatments were tested for their ability to affect
colony formation, both when given individually, as well as when ad
ministered in combination.

Individual and Combined Effects of Progesterone and oPRL. In these
experiments we explored the potential interaction between progesterone
and oPRL in promoting NMU mammary tumor colony formation in
soft agar. The doses of progesterone selected were 1, 10, and 100 nM.
oPRL was added at the concentration of 50 ng/ml which, in our system,
has been found to have a significant, although not optimal, colony-

stimulating effect (12). Five separate experiments were conducted to
evaluate the individual as well as the combined effects of these treat
ments on colony formation.

Effect of DFMO and Exogenous Spermidine Administration on Action
of Progesterone. In these experiments we evaluated the role of polya-
mines as possible mediators of the effect of progesterone in our system.
To test this possibility we evaluated, in 4 separate experiments, whether
the effect of progesterone on colony formation could be blocked by the
administration of DFMO, an irreversible inhibitor of ornithine decar-
boxylase, the rate-limiting enzyme in polyamine biosynthesis. In the
same experiments we also tested whether the inhibitory effect of DFMO
on progesterone action could be reversed by exogenous spermidine in
a dose-dependent fashion. For control purposes the effect of DFMO
with and without spermidine in the absence of progesterone was also
simultaneously tested. The concentration of progesterone was 100 nM
which, in most of our previous experiments, was found to have optimal
colony-stimulating effect. DFMO was added at 1 mM concentration
since this amount has been previously found, by us, to inhibit the
colony-stimulating effect of estradiol (11), prolactin (12), and growth
hormone (12). Likewise, on the basis of our previous work, spermidine
was tested in concentrations of 1, 10, and 1on ,,M( I I. I :. I !. Estradiol
and progesterone were initially diluted in 95% ethanol and then added
in the desired amount to both layers of the medium. DFMO, spermi
dine, and oPRL were initially dissolved in Hanks' balanced salt solu

tion, and then also added to both layers of the medium in the desired
concentrations. Since each experiment was internally controlled, statis
tical analysis of the data was performed individually for each experiment
with use of the Newman-Keuls test (18). In addition, a global analysis
was also performed combining repetitive experiments as indicated in
the footnotes to the tables. Using analysis of variance with dose level
as a factor and experiment as a block effect, we performed the Dunnett's

t test of dose level mean colony numbers against control level mean
colony numbers. We used a two-sided test since some dose levels yielded
a decrease in colony formation while others yielded increases. This
procedure was replaced by the F test P value from the analysis of
variance when the effect of a combination treatment was compared to
the effects of the individual compounds given alone.

RESULTS

Dose-Response Studies

Serum-free Conditions. As can be seen in Table 1, in all 5
experiments progesterone induced significant stimulation of
NMU mammary tumor colony formation. In some cases (ex
periment 4), such stimulatory effect was indeed quite pro
nounced. The colony-stimulating effect of progesterone ap
peared to be dose dependent since, in all experiments, concen
trations of 0.1 and 1 nM induced significantly less (P < 0.05 to
<O.OI) colony formation than the larger amounts. The colony-
stimulating effect of progesterone appeared to plateau at 10 nM
in two experiments (experiments 3 and 4), and at 100 nM in
three (experiments 1, 2, and 5). In some cases (experiments 2,
3, and 5) there appeared to be a biphasic effect of progesterone
since, with the highest concentration (10 ^M), there was signif
icantly less (P < 0.01 ) colony formation than that observed with
the concentration of progesterone which induced in each exper
iment maximum colony-stimulating effect.

R5020 simultaneously tested in the same experiments also
significantly stimulated NMU mammary tumor colony forma
tion. The colony-stimulating effect of R5020 was greater than
that of progesterone, and the maximum effect was observed at
lower concentrations than with progesterone. In one experi
ment (experiment 1) a clear biphasic effect of R5020 was
observed with a loss of the colony-stimulating effect at the
higher concentrations tested (100 nM, l /IM and 10 //\i).

The significant colony-stimulating effects of progesterone
and R5020 were also observed when a global analysis of the
combined experiments was performed.

Serum-repleted Conditions (Table 2). As expected in the pres
ence of serum, progesterone had only a minimal colony-stimu
lating effect which, however, was significant in two experiments
(experiments 1 and 3). R5020 also had a much more modest
colony-stimulating effect than that observed in the absence of
serum. In the presence of serum, no significant colony-stimu
lating effect by either progesterone or R5020 was observed
when all the experiments were evaluated together. Progesterone
level measured by specific radioimmunoassay (19) in our me
dium was found to be undetectable.

Individual and Combined Effects of Estradiol and Progesterone
Estradiol (10~'Â°M) (Table 3). As expected on the basis of our

previous dose-response studies (11), estradiol alone at the con
centration of 10~'Â°M minimally affected tumor colony forma

tion. Progesterone significantly stimulated colony formation in
all 4 experiments in a dose-dependent fashion. Since, however,
in 2 experiments (experiments 1 and 4), the effect of progester
one was quite modest and only limited to one dose, the colony-
stimulating effect of progesterone in the global analysis was not
statistically significant in these experiments. In experiment 1 a
biphasic effect was again observed with a loss of colony-stimu
lating effect by progesterone at the highest concentration ( 100
nM). When estradiol at 10~10M was given in combination with

the three different doses of progesterone, no enhancement of
colony formation was observed except in experiment 4, with
the concentration of progesterone of 0.1 nM. Actually, in ex
periments 1 and 3, significantly fewer colonies were formed
with the combined treatment than when each treatment was
given individually. The lack of major additive or synergistic
effects between these doses of estradiol and progesterone was
also quite obvious from the global analysis of the data.

Estradiol (10~9 M) (Table 4). As expected on the basis of our

previous dose-response studies (11), estradiol, at the concentra
tion of 10"' M significantly stimulated NMU mammary tumor

colony formation in all 4 experiments. Progesterone also man
ifested a marked colony-stimulating effect in a dose-dependent
fashion which was also significant in the global analysis of the
data. Combined treatment with estradiol and 1 nM progesterone
significantly increased colony formation over the individual
treatments in three experiments (experiments 1, 3, and 4) and
reduced it in one (experiment 2). The tendency for this low
dose of progesterone to enhance overall the colony-stimulating
effect of 10~9 M, estradiol was also supported by the global

analysis of the data. With the higher concentrations of proges
terone, significantly less colony formation usually occurred with
the combined treatment compared to that observed with the
individual treatments. This was particularly obvious with the
highest dose of progesterone (100 nM) where, in one experiment
(experiment 1) with the combined treatment the number of
colonies formed was significantly reduced even compared to
control conditions. The antagonistic effect of this high dose of
progesterone on the colony-stimulating effect of 10~9 M, estra-
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Table 1 Effect of progesterone and KS020 on NMU mammary tumor colony formation in soft agar under serum-free media conditions
Statistical analysis was performed for each individual experiment (Newman-Keuls test) as well as for all the experiments combined (Dunnett's r test).

DrugDoseProgesterone

0O.I
ii\i1

n\i10
PM100

DM1
MM10

MMR5020

0O.I
11M1

n\i10
DM100

UM1
ii\i10
MMExperiment

1109.2
+1.3"\05.4

Â±1.211
2.6Â±0.8125.2

+2'125.8Â±
1.9'130.6Â±
l.r109.2Â±

1.3147.2

Â±1.9e158.2Â±
1.6'11

5.2Â±2.9107.8
Â±1108.8
Â±2Experiment

246.6

Â±1.435.8

Â±2.640.8
Â±1.359.8
Â±1.6'67.4
Â±2.6C56.2
Â±1.5'46.6

Â±1.459.8

Â±1.4C63.8
Â±1.5'61.6
Â±1.8'70.4
Â±2'61.2
Â±1.5'Experiment

398.2

Â±3126.2

Â±3.7'153.4Â±
1.6'148.4Â±
1.4'139.8
Â±2.8'137.8+
1.1'98.2

Â±3168.4

Â±3.2'143.2
Â±3'137.4Â±

l.r145.8
Â±6'164.4
Â±l.rExperiment

4138.4

Â±4.8165.8
Â±4.8'257.4

Â±10.7'278
Â±7.4'277
Â±9.5'274
Â±12.6'282.8
Â±7.4'138.4

Â±4.8230.2
Â±15.8'252.4
Â±11.3'269.8
Â±7.2'282.2
Â±10.6'302.2
Â±4.7'295.4
Â±4.2'Experiment

555.3

Â±2.946.8
Â±1.856.2
Â±1.162.3
Â±3.673.2
Â±2.6'78.6
Â±1.1'64
Â±2.9'55.3

Â±2.975.8
Â±3.2'63
Â±2.8'75.6
Â±1.1'80.6
Â±0.8'83.3
Â±2.4'87.5
Â±1.8'Mean89.5

Â±15.3*106.3
Â±42.111

6.2Â±34.8129.4
+37.6136.7
Â±34.6''137.1
Â±33.0?134.3

Â±36.4''89.5

Â±15.3153.0
+54.6''138.2

Â±32.1''142.1
Â±32.9*135.4

+34.914
1.9Â±37.6'143.5

Â±37.2'
"'Mean Â±SE of absolutecolony numbersof 5 replicatedishes for eachexperimentalcondition.
" Mean Â±SE of colonynumber for all the experimentscombined.
'/><0.01 versuscontrol.
*P < 0.05 versuscontrol.

Table 2 Effect of progesterone and R5020 on NMU mammary tumor colony formation in soft agar under serum-repleted conditions

DrugDoseProgesterone

00.1
nM1

nM10
nM100

nM1
MM10

MMR5020

00.1
nM1

nM10
nM100

nM1
MM10

MMExperiment

1101.
4Â±5.4"97.4

+5.5122.8
Â±2.3'11

1.6Â±211
6.3Â±3.4''105.6+

1.5105.8
Â±1.4101.4

Â±5.4125.6
+1.7'119.4
+3.3''11

8.8Â±5.5''120.4+
1.5*126.8

+1.2'1
19.6 Â±2.5''Experiment

290

Â±1.877.3
Â±2.8'80

Â±7.796
Â±2.489
Â±2.799.5
Â±1.782.3
Â±3.990

Â±1.885.6
+2.1'95
Â±2.2'109.3+

1.7"107.6Â±
1.2'106.2

Â±l'11
0.4 Â±2.3'Experiment

377.4

Â±1.278.8
+2.191.5
Â±1.3'102.3+

l.l'85.5
Â±1.3'98.5
Â±2.5'95.6
Â±0.9'77.4

Â±1.274
+0.775.6+

1.280.2
Â±0.982.6
Â±0.7'83.2
Â±l'83.2
Â±1.5'Mean89.6

Â±5.7*84.5

Â±5.398.1
Â±10.4103.3
+3.796.9
Â±7.9101.2
Â±1.994.6
Â±5.689.6

Â±5.795.1
Â±12.896.7
Â±10.3102.8

Â±9.5103.5
Â±9.1105.4
Â±10.3'104.4
+ 8.9

"â€¢''Data are expressed as in Table 1. Statistical analysis was performed as in Table I.
' P < 0.05 versus control.
' P < 0.01 versus control.

Table 3 Individual and combined effects oflO~la M estradiol and increasing concentrations of progesterone (0.1, I, and 100 nM) on NMU mammary tumor colony

formation in soft agar in the absence of serum
Statistical analysis for the individual experiments (Newman-Keuls test). No significant differences were observed when all the experiments were combined (Dunnett's

t test).

TreatmentControl

Estradici'
Pg'(O.lnM)

Pg(l nM)
Pg(lOOnM)
Estradiol + Pg (0.1 nM)
Estradiol + Pg(l nM)
Estradiol + Pg (100 nM)Experiment

1242
Â±3.2Â«

274.8 Â±3.3
297.8 Â±11.T7
394.6 Â±15.6'

246.2 Â±3.4
237.4 Â±4.9*
27 1.3 Â±3.9'
2 14.0 Â±3.7*Experiment

261

Â±1.9
60.4 Â±0.8
57.4 Â±2.9

58 Â± .6
71.6 Â± .1*
67.6+ .5

67+ .1
70 Â± .3Experiment

346.6

Â±
60.8Â±57

Â±
82.4 Â±
97.6 Â±

54 Â±
61 Â±

71.8 Â±..3'y

.*?.6.\>1.2'Experiment

460.8

Â±1.7
51 Â±0.6

55.8 Â±1.2
62 + 0.9

71.8Â± 1.3*
70.6 Â±1.5'

60.6 Â±2.8
71.2 Â±2.9Mean102.6

Â±40.3*

111.8 Â±47.1
117.0 Â±52.8
149.3 Â±52.8
121.8 + 36.3
107.4 Â±37.7
115.0 Â±45.1
106.8 Â±31.0

*â€¢*Data are expressed as in Table 1.
'The concentration of estradiol was always 10~'Â°M.
' P < 0.01 versus control.
' Pg, progesterone.
fP < 0.05 versus control.
* P < 0.05 versus Pg (0.1 nM).
* P < 0.01 versus Pg (0.1 nM).
' P < 0.01 versus estradiol and Pg (0.1 nM).
1P < 0.01 versus Pg (l HM).
* P < 0.05 versus estradiol.
1P< 0.01 versus Pg (100 nM).

diol was also suggested by the global analysis of the data,
although the difference was not statistically different.

Individual and Combined Effects of oPRL and Progesterone
(Table 5). As we have previously reported (12), oPRL at the
concentration of 50 ng/ml stimulated colony formation, al
though its effect was only significant in three experiments
(experiments 2,4, and 5). Progesterone exerted a dose-depend
ent colony-stimulating effect in experiments 1, 2, and 5, while
in experiment 4 a biphasic effect was again observed. Of inter

est, in experiment 3, progesterone did not stimulate colony
formation and, actually, in concentrations of 10 and 100 nM,
progesterone reduced the number of colonies formed, although
this effect was not statistically significant. Overall, 100 HM
progesterone had a significant colony-stimulating effect in the
global analysis of the data. Compared to the individual treat
ments the combined administration of oPRL and progesterone
usually did not significantly affect colony formation, although
occasionally both a decrease (experiments 1 and 4) and an
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Table 4 Individual and combined effects oflO~* M estradiol and increasing concentrations of progesterone (I, 10, and Â¡00nM) on NMU mammary tumor colony

formation in soft agar in the absence of serum
Statistical analysis for the individual experiments (Newman-Keuls test). Statistical analysis for the combined experiments (Dunnett's t test).

TreatmentControl

Estradiol (1<T'M)C
Pg(l nM)'
Pg(lOnw)
Pg(lOOnM)
Estradiol + Pg (1 n\n
Estradiol + Pg(lOnM)
Estradiol + Pg (100 n\t)Experiment

165.6
Â±2.9Â°

81.4 Â±3.S11
93.0 Â±3.2'

109.2 Â±4.1'
119.4 Â±5.3'
106.2 Â±2.7'
70.4 Â±2.3*
45.2 Â±3.7"Experiment

2102

Â±2.1132
Â±2.9'

108 Â±2.4
138Â±2.5'
190 Â±4.7'
118 Â±2.9*
150 Â±2.7'
171 Â±3.9Â°Experiment

344.6

Â±2.0
62.8 Â±2.7'
74.6 Â±3.4'
80.6 Â±3.8'
87.2 Â±3.5'
99.2 Â±6.0'
68.8 Â±2.8"1
47.0 Â±2.0Â°Experiment

436

Â±2.1
48.3 Â±2.6*
44.4 + 4.3
45.2 Â±3.5
59.4 Â±2.7'
68.4 Â±3.5'

52.6 Â±2.8
39.8 Â±1.0Â°Mean62.1

Â±12.7Â°

81.1 Â±15.9
80.0 Â±11.9
93.3 Â±17.2*

114.0 Â±24.4'
98.0 Â±9.2'
85.4 Â±19.0
75.8 Â±27.5

*â€¢*Data are expressed as in Table 1.
' The concentration of estradiol was always 10"' M.
4 P< 0.05 versus control.
' P < 0.01 versus control.
'Pg, progesterone.
* P < 0.01 versus estradiol and < 0.05 versus Pg (1 nM).
* P < 0.01 versus estradiol.
' P < 0.01 versus estradiol and Pg (1 nM).
; P < 0.05 versus Pg (1 nM).
* P < 0.05 versus estradiol and < 0.01 versai Pg (10 nM).
' P<0.0\ versus estradiol and < 0.05 versus Pg (10 nM).
m P < 0.05 versus Pg (10 nM).
" P < 0.01 versus control, estradiol, and Pg (100 nM).
Â°P < 0.01 versus Pg ( 100 nM).
'P <0.01 versus estradiol and Pg(lOOnM).

Table 5 Individual and combined effects ofoPRL (50 ng/ml) and increasing concentrations of progesterone (I, 10, and Â¡00nM) on NMU mammary tumor colony
formation in the absence of serum

Statistical analysis for the individual experiments (Newman-Keuls test). Statistical analysis for the combined experiments (Dunnett's t test).

Treatment Experiment1Control
112.6 Â±3.4Â°

oPRL (50 ng/mlf 135.2 Â±3.5
Pg (1 nM/ 164.4 Â±6.2'
Pg(lOnM) 165.6 Â±3.9'
Pg(lOOnM) 176.2 Â±5.6'
oPRL + Pg(lnM) 128.0 Â±1.6*
OPRL + Pg(lOnM) 149.6 Â±3.0
oPRL + Pg ( 100 nM) 159.4 Â±4.3Experiment

295.4

Â±4.5
133.2 Â±3.5''
132.6 Â±6.3'
136.0 Â±4.0'
176.0 + 4.7'

127.8 Â±2.5
152.6 Â±8.1
184.0 Â±3.0Experiment

380.4

Â±5.9
109.8 Â±5.7

89 Â±3.7
69.2 Â±4.2
62.6 Â±6.8
86.4 Â±4.0

77 Â±4.7
60.8 Â±5.0Experiment

490.2

Â±3.8
124.4 + 4.7''
128.2 Â±2.7''
103.6 + 5.4

90 + 5.2
106.6 Â±6.8
83.6 Â±4.8'
79.4 Â±3.6'Experiment

558

+ 3.2
102.5 Â±6.0'
79.6 Â±5.5"

102.4+ 2.1'
I18.6Â± 2.1'

98.4 Â±4.0
116.4 Â±3.9
133.4 Â±5.1Mean87.3

Â±8.1*

121.0 Â±5.7
I18.8Â± 13.8
115.4Â± 14.7
124.7 + 20.4''
109.4 Â±7.3*

115.8Â± 14.2
123.4 +21.0*"*

Data are expressed as in Table 1.
cThe concentration of oPRL was always 50 ng/ml.
d P < 0.05 versus control.
' P < 0.01 versus control.
7Pg, progesterone.
' P < 0.01 versus Pg (1 nM).
* P < 0.05 versus oPRL.
' P<0.0\ versus oPRL.

Table 6 Effect ofDFMO with and without increasing concentrations ofspermidine on progesterone-induced stimulation of NMU mammary tumor colony formation in
soft agar in the absence of serum

Statistical analysis for the individual experiments (Newman-Keuls test). Statistical analysis for the combined experiments (Dunnelt's t test).

TreatmentControl

Pg(100nM)c

Pg + DFMO (1 mM/
Pg + DFMO + spermidine (1 MM)
Pg + DFMO + spermidine (10 ^M)
Pg + DFMO + spermidine (100 /IM)
DFMO
DFMO + spermidine (100 <IM)Experiment

1167.4
Â±5.7Â°

257.2 Â±9.2"
162.4 + 4.0
21 1.2 Â±6.7*
216.8 Â±5.2*
252.4 Â±7.0*

174.6 Â±2.9
172.6 Â±4.4Experiment

270.2

Â±3.9
119.0 +6.4''74.2

Â±3.3
116.8 Â±6.3*
172.6 Â±4.5*''
187.6 Â±6.3*-'

92.8 Â±5.5
83.4 Â±2.9Experiment

3269.4

Â±7.2
442.2 Â±10.2''

255.6 Â±7.3
329.4 + 5.6*
357.2 + 4.2*
401. 4 Â±11.0*
288.4+ 11.7
285.2 Â±10.6Experiment

466.2

Â±2.2
112.2 + 4.8"
78.4 + 4.2

112.2Â± 3.9*
138.4 Â±2.8*''
151.4+ 2.9*J

75.4 Â±5.1
75.2 Â±2.7Mean143.3

Â±41.7*
232.6 Â±67.1'

142.6 Â±37.0
192.4 Â±44.2*
221.2 Â±41.6*
248.2 Â±47.8*

157.8 Â±42.1
154.1 Â±42.4

Data are expressed as in Table 1.
c Pg, progesterone, whose concentration was always 100 nM.
Ã¤P < 0.01 versus control and Pg plus DFMO (1 mM).
'/><0.01 versus control.
^The concentration ofDFMO was always 1 mM.
* P < 0.05 versus Pg plus DFMO.
* P < 0.01 versus Pg plus DFMO.
'/Â»<0.01 versus Pg.

increase (experiment 5) in the number of colonies formed was
observed. The lack of significant interaction between these
doses of progesterone and oPRL was also quite obvious from
the overall analysis of the data.

Effect of DFMO with and without Increasing Concentrations
of Spermidine on Progesterone-induced Stimulation of Colony
Formation (Table 6). In all 4 experiments the administration of
DFMO totally abolished the stimulation of colony formation

induced by progesterone. The administration of increasing con
centrations of spermidine totally reversed the inhibitory effect
of DFMO, and in two experiments (experiments 2 and 4),
increased colony formation to levels significantly higher than
those observed with the administration of progesterone alone.
In the absence of progesterone the administration of DFMO
with and without spermidine had no significant effect on tumor
colony formation. Essentially identical statistical significance
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was observed when analyzing the experiments individually or
combined together.

DISCUSSION

The role of progesterone in the growth of hormone-respon
sive breast cancer remains controversial. Administration of
progesterone has been found to both increase and decrease
chemically induced mammary carcinogenesis in rats depending
on the timing and duration of treatment in relation to carcino
gen administration (2). Even more uncertain is the role of
progesterone in the growth of established mammary tumors.
Although it is well established that the administration of phar
macological doses of progestins induced tumor regression in a
significant fraction of women with advanced breast cancer (8),
some studies indicate that more physiological amounts of pro
gesterone, at least when given in conjunction with estradici,
may actually promote the growth of human mammary tumors
(7). It is then conceivable that progesterone may have a biphasic
effect on tumor growth similar to that observed with estradiol,
i.e., stimulatory in low doses and inhibitory at high concentra
tions.

Precise definition of direct hormonal effects on breast cancer
growth can be accomplished in vitro, where it is possible to
control the hormonal environment. However, even in vitro the
reported effect of progesterone on breast cancer growth has
been quite divergent, depending upon the specific experimental
conditions used. Using an estrogen-independent but progester
one receptor-rich variant human breast cancer cell line, Horwitz
and Friedenberg (4) observed a growth-inhibitory effect by both
progesterone and R5020 over a wide range of physiological and
pharmacological concentrations (similar to those used in our
study) which was not mediated through an antiestrogenic effect.
In contrast, using estrogen responsive human breast cancer cell
lines Vignon et al. (20) reported no effect on cell growth by
R5020 when tested alone, but a significant antiestrogenic action
when added in the presence of estradiol. A stimulatory effect
of breast cancer growth in culture has also been reported with
progesterone both in experimental (9, 21) and human (5, 6)
breast cancer. Our results clearly indicate that under the con
ditions of the soft agar clonogenic assay, progesterone has a
significant dose-dependent growth-promoting effect which ap
peared to plateau between 10 and 100 nM concentrations. Not
unexpectedly the synthetic progestin R5020 had a more potent
colony-stimulating effect, particularly at low concentrations.
Whether this may be due, at least in part, to the more rapid
metabolism of progesterone as already reported for human
breast cancer cells in culture (22) is uncertain. We also observed
in some experiments a clear dose-dependent biphasic effect of
progesterone on tumor growth with loss of colony-stimulating
effect at high concentrations. A similar observation has also
been made by Pasteeis et al. (9) in organ cultures of dimethyl-
benz(a)anthracene rat mammary tumors and by Leung et al. (6)
in the CAMA-1 human breast cancer cell line.

In our experiments we also attempted to evaluate the inter
action between progesterone and other hormones such as estra
diol and prolactin which has not been adequately evaluated. In
this regard, of particular interest, were two recent reports in
human breast cancer cell lines that progesterone administration
increases the binding sites for lactogenic hormones (23) and
epidermal growth factors (24). These observations provide sup
port for a potential interaction at the cellular level among
progesterone and prolactin and estradiol. Estradiol, in fact, has
been found to stimulate the synthesis of transforming growth

factor tt-like growth factors (25) which bind to the epidermal
growth factor receptor. Data in the literature are controversial
with regard to the interaction between progesterone and estra
diol, with some investigators reporting an inhibition of estrogen
effect by progesterone (20), while others observing a potentia-
tion (6). These discrepancies could be explained, at least in
part, by different doses of estradiol and progesterone used. Our
data suggest that significant enhancement in colony formation
with the combination treatment more frequently occurred when
progesterone was used in low doses (Table 4). In contrast,
significant suppression of colony formation with combination
treatment was almost always observed when progesterone was
added in high concentrations (100 HM).This finding is consist
ent with the known antiestrogenic effect of high dose progestins.

Our data do not provide evidence for a major interaction
between oPRL and progesterone in our system. The possibility
of synergism between these two hormones in supporting breast
cancer growth in vitro has been suggested by Pasteeis et al. (9)
and Richards et al. (21).

Our data indicate a major role of polyamines in mediating
the effect of progesterone in our system. We have observed a
similar critical role of polyamines in NMU mammary tumor
growth i/i vitro in soft agar with regard to the action of estradiol
(11), prolactin (12), and growth hormone (12). Of interest in
this regard is the recent report by Braunsberg et al. (5), who
observed that following long-term exposure to medroxyproges-
terone acetate the growth of the MCF-7 breast cancer cell line
is accelerated by this progestational agent. Under these condi
tions these investigators observed that medroxyprogesterone
acetate significantly stimulated tumor polyamine biosynthesis.
These observations, as well as ours, suggest that polyamines
may play a pivotal role in the expression of progesterone effect
on breast cancer growth.

Finally, caution should be used in extrapolating observations
made in the soft agar clonogenic assay to overall tumor biology
in vivo. Since the cells growing in soft agar represent a small
selected subgroup, they may not necessarily have the same
biological characteristics as the rest of the tumor
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