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The effect of medroxyprogesterone acetate and norethisterone
on the estradiol stimulated proliferation in MCF-7 cells:
comparison of continuous combined versus sequential
combined estradiol/progestin treatment
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Summary

Objective: Little is known on the type of progestin and regimen type in relation to breast cancer risk. We have compared the effect
of medroxyprogesterone acetate (MPA) and norethisterone (NET) on the estradiol stimulated proliferation in MCF-7 cells with
respect to different regimens used in combined hormone replacement therapy (HRT).

Design: To approximate the in vivo conditions in HRT, MCF-7 cultures were pretreated with estradiol followed by estradiol/pro-
gestin treatment to represent the sequential combined model and compared with non pretreated cultures followed by estradiol/pro-

gestin treatment for the continuous combined model.

Results: When using progestins in the continuous combined form with estradiol (10'° M) both progestins showed a significant
reduction in the estradiol stimulated proliferation of the MCF-7 cells. In the sequential combined model the addition of MPA led to
a stronger significant reduction of MCF-7 proliferation but in a narrower concentration range (from 10* to 10° M) compared to the
continuous treatment. NET did not show any significant effect on proliferation in the SC model.

Conclusion: Different regimen types and different progestins do lead to significantly different effects on the proliferation of a
breast cancer cell line. These findings might be useful in the elucidation of potential mechanisms involved in the clinical situation.

Key words: Hormone replacement therapy; Medroxyprogesterone acetate; Norethisterone; MCF-7 cells; Regimen types.

Introduction

Hormone replacement therapy has only in recent years
started to widely include progestins since long-term
mono-estrogen replacement therapy (ERT) was connec-
ted with an increase in endometrial cancer which could
be prevented by the addition of a progestin to ERT. When
epidemiological studies indicated that long-term ERT
was possibly related to a slight increase in the risk of
breast cancer, the addition of a progestin raised the que-
stion what kind of effect the progestin would have on
breast cancer risk. In particular, an important question
asked was whether different individual progestins had
different effects on the risk.

Epidemiological studies so far have mostly not addres-
sed the question of different types of progestins used, and
are therefore interpreted according to the major progestin
used in the specific country in which the study took place.
A very recent epidemiological study carried out in the
United States by Schairer et al. including over 40,000
women came to the conclusion that long-term combined
HRT did lead to a higher risk of breast cancer even when
compared with estrogen replacement alone [1]. The
primary progestin used in the combined HRT in the Schai-
rer study was MPA. In a similar study, also carried out in
the United States, and also using mainly MPA in combi-
nation HRT, by Ross et al. [2] an even more pronounced
increase in breast cancer risk was found than in the Schai-
rer study for combined HRT compared with ERT with
duration of time. A Swedish study by Magnusson et al. in
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which both MPA and NET were used in combined HRT,
the increase in breast cancer risk was similar for combined
HRT and ERT [3]. When comparing progesterone-derived
progestins with testosterone-derived progestins used in
combined HRT, both showed a similar risk in breast cancer
for up to five years. Use for over five years led to a sub-
stantially higher risk for testosterone-derived progestins
while progesterone-derived progestins even seemed to be
connected with a decrease in breast cancer risk.

In addition to the type of progestin used, the type of
regimen used, such as continuous combined (CC) versus
sequential combined (SC), is also being discussed with
respect to its potential for increasing or reducing the risk
of breast cancer. Only very few epidemiological studies
have addressed the breast cancer risk in different regimens
used and often lack statistical power since they are based
on too few cases. While Ross et al. showed the sequential
combined treatment to have a higher risk compared to CC,
based on the use of mainly MPA, Magnusson et al. showed
the contrary i.e. a higher risk for CC but based on testo-
sterone-derived progestins only. Interestingly Magnusson
did show a higher risk for SC compared with CC for testo-
sterone-derived HRT use of up to two years.

In the present study we were interested in the effects of
the two most common progestins used in HRT, MPA, a
C21 progestin, and NET, a C19 progestin, on the prolife-
ration of a human breast cancer cell line. In particular we
focused on the effect of regimen on cell proliferation.
Since breast cancer initiation usually occurs many years
before presentation of the disease, it is important to
understand what effect different types of progestins and
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different regimens used in HRT might have on pre-exi-
sting breast cancer cells. Since clear epidemiological
studies giving an indication of which regimen might be
associated with a lower breast cancer risk for different
progestins are lacking, we tried to modulate the situation
in an in vitro model in order to find out more about pos-
sible mechanisms and effects involved.

MCF-7 cells were originally derived from a pleural
effusion of a postmenopausal patient with metastatic
breast carcinoma [4, 5]. This cell line is frequently used
and well studied, and was chosen since it is estrogen
positive, the ER regulation having been well studied [6,
7] and because MCF-7 cells retain characteristics of dif-
ferentiated mammary epithelium.

Since cell lines per definition proliferate indefinitely, a
cell line can be described as being on the way towards
becoming the culture equivalent of a neoplastic cell and
therefore could be defined as being abnormal. Neverthe-
less cell lines do retain many characteristics of their ori-
ginal tissue, such as enzyme and receptors types and pat-
terns and are therefore useful for studying effects of
compounds on cell behaviour. They offer many advanta-
ges to non-transformed cells such as being easily cultiva-
table in the numbers required. Non-transformed cells
from biopsies have the advantage of being derived direc-
tly from the in vivo organism and being closer in their
DNA composition. On the other hand the cells of indivi-
dual biopsies lose enzyme activity and die over time due
to having a short life spell during in vitro cultivation
outside of the organism. Cells from a biopsy are not so
well characterised, and are harder to cultivate. In general
they require higher concentrations of serum and higher
cell numbers are needed for seeding due to those cells
being less well adherent than the MCF-7 cells.

A model using a cell line can not reflect the clinical si-
tuation but can offer the possibility to concentrate on cer-
tain factors which are suspected to be important in the in
vivo situation in order to try to elucidate certain mechani-
sms and effects which might play a role in the in vivo si-
tuation. This might be helpful in cases where it is difficult
to study the effect of individual factors in a complex situa-
tion, or when results from epidemiological studies are still
being awaited. A model can try to come close to approxi-
mating the clinical situation in as many factors as possible,
but cannot replace clinical or epidemiological studies.

Materials and Methods

Chemicals

17B-estradiol, MPA and NET were purchased from Sigma,
Munich, Germany and dissolved in 0.1% ethanol. Dulbecco’s
modified Eagle’s medium (DMEM) was obtained from Gibco
BRL, Eggenstein, Germany and fetal calf serum (FCS) from
Seromed Biochrom KG, Berlin, Germany.

Tissue culture

The MCF-7 cells used were from passage 55 and cultured
throughout the experiment in 5% (v/v) dextran charcoal strip-
ped fetal calf serum, DMEM without phenol red, L-glutamine
(4mM), bovine insulin (5 ng/ml), and 100 U/ml penicillin plus
100 pg/ml streptomycin. Non-stripped FCS and phenol red con-
taining DMEM medium was used for the seeding of the cells.

Hormone treatment

Five-hundred cells per well were seeded into 96 well plates
in 5% FCS DMEM medium. After 24 hours the cells were
washed with PBS and the medium was changed to stripped
FCS, phenol red free DMEM. The cells were pre-incubated for
three days prior to treatment in both models to increase the sen-
sitivity of the cells to estradiol. The cells used for sequential
combined treatment were stimulated with estradiol (10"°M) for
five days and then incubated with estradiol (10'°M) and either
MPA or NET (in different concentrations, from 10" to 10°M)
for a further five days. For the continuous combined model the
cells were incubated for five days without estradiol, and then
for the next five days with estradiol (10'°M) and either MPA or
NET (in different concentrations, from 10"'M to 10°M). The
estradiol concentration chosen for pre-stimulation and stimula-
tion was based on previous studies showing this concentration
to be the most effective for stimulation of MCF-7 cells [8]. The
concentration range for the progestins was chosen to include
supra- and sub-physiological conditions in addition to described
in vivo serum concentrations. The in vitro culture conditions of
five days only, instead of using 12+2 days for the SC model,
which would be closer to the clinical setting for endometrial
protection, had to be chosen due to experimental restrictions
concerning maximum confluency acceptable within the wells.
Estradiol and the progestins were dissolved in 10% ethanol and
90% PBS and were added to the media to give a final ethanol
concentration of 0.1% ethanol. The controls were treated with
0.1% ethanol for ten days. Medium and test substances were
changed every 48 hours.

Proliferation

Proliferation was measured using the crystal violet staining
technique according to Kueng er al. [9] which stains cell nuclei.
In short, the cells were fixed with 11% glutaraldehyde, washed
with distilled water, stained with a 0.1% crystal violet solution,
washed with distilled water and solubilised with a 10% acetic
acid solution. After shaking, the plates were read in an Elisa
reader at 600 nm.

Statistics

All experiments were carried out for n=12 wells for each
experimental condition, and using the same passage of MCF-7
cells. The statistical analysis of the results was performed using
the Students’ t-test.

Results

As can be seen in Figure 1, the continuous combined
treatment model of MPA leads to a significant reduction
of estradiol-induced growth of the MCF-7 cells from
10" to 10 M. Growth was inhibited from 42.4%=+8.4 to
63.6%+9.5 compared with the growth induced in the
estradiol-stimulated controls. The highest growth inhibi-
tion was seen at the highest MPA concentration tested,
i.e. 10°M. NET also showed a significant inhibitory
effect on MCF-7 cell growth at a smaller range of con-
centrations 10° and 10®* M, with 21.8%+6.9 and
26.0%=7.0 growth inhibition, respectively while 10"* and
10""™M were close to significance at 0=5% (p=0.057 and
0.060, respectively). MPA and NET both showed a signi-
ficant growth reduction at the pharmacologically relevant
concentrations with MPA being about twice as effective
at inhibiting cell growth of MCF-7 cells compared with



The effect of medroxyprogesterone acetate and norethisterone on the estradiol stimulated proliferation in MCF-7 cells: etc. 333

OMPA
W Net

B

== B S I )
* e - - ~

Continuous combined

45
30 - —
15

*

. f’[:.:‘!_}
|

-45

Percentage growth in relation to
estradiol induced growth (%)
#

83
t 2
!

12 + + + + +

Progestin concentration (log M}

Figure 1. — Continuous-combined model: Changes in cell num-
bers of estradiol-stimulated MCF-7 cultures (10'°M) treated
with MPA or NET in combination with estradiol using cell cul-
tures without estradiol pretreatment.

The bars represent percentage growth compared with growth in
the estradiol-induced (10'°M) controls = 0% (means + SEM;
n = 12; * = p<0.05 for one progestin at one concentration,
+ = p<0.05 between the two progestins for one concentration).

NET. A significant difference between MPA and NET for
each concentration was shown at all concentrations
except for 10"°M which is probably due to a greater stan-
dard deviation in growth between the individual wells.
In the sequential combined treatment (Figure 2), MPA
only showed significant anti-proliferative potential at the
higher concentrations of MPA tested, i.e. 10%, 107 and
10 M. But the inhibitory effect itself, i.e. 63.1£8.2,
80.3+£9.4 and 101.7+7.2%, respectively, was much
greater than for the continuous combined model. At 10°
M the inhibitory effect even completely suppressed estra-
diol-induced growth. And at 107 M the growth suppres-
sion of the sequential combined model was twice the
amount seen in the continuous combined model, i.e.
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Figure 2. — Sequential-combined model: Changes in cell num-
bers of estradiol-stimulated MCF-7 cultures (107°M) treated
with MPA or NET in combination with estradiol using cell cul-
tures which were pretreated with estradiol for 3 days.

The bars represent percentage growth compared with growth in
the estradiol-induced (10'°M) controls = 0% (means + SEM;
n = 12; * = p<0.05 for one progestin at one concentration,
+ = p<0.05 between the two progestins for one concentration).

80.3+9.4% estradiol-induced growth inhibition compared
with 46.0£10.1%. Although NET also showed some
growth inhibition from 10” to 10® M, with the strongest
growth inhibitory effect at 10°M with 41.6% growth
inhibition and at 10®* M with 42.1%, this inhibition was
not found to be significant at a=5%, which is due to the
strong variation in growth inhibition between the indivi-
dual experiments. Interestingly the non-significant
growth inhibition for NET at 10° and 10* M for the
sequential combined model was also about twice the
amount compared with the continuous combined model,
i.e. 41.6£22.7 and 42.1+24.9% compared with 21.9+6.9
and 26.0+7.0%. Significance between the two progestins
at each concentration was only shown for the highest con-
centration 10°M. The lack of significance at the lower con-
centrations was probably due to the high standard devia-
tions of the individual treatment. A high degree of
variability between the experimental treatments arose even
though all experiments were carried out using the same
batch and passage number of MCF-7 cells under the same
experimental conditions. A slight variation in number of
MCEF-7 cells per well is probably responsible for the varia-
tion within one experimental condition tested but should
not have affected the results between treatments.

Discussion

So far most epidemiological studies indicate a higher
risk for breast cancer in women using HRT [10] but
unfortunately most studies do not clearly distinguish and
compare individual progestins used. While the Magnus-
son study [3] does distinguish between testosterone-
derived progestins (NET acetate and levonorgestrel) and
progesterone-derived progestins (MPA) with HRT taken
up to five years, and shows a similar increase in relative
risk for both, it is based on too small numbers to be sta-
tistically reliable, especially as duration of HRT treat-
ment increases with the number of cases decreasing even
further. Two recent epidemiological studies on combined
HRT versus ERT regarding breast cancer risk have been
carried out in the United States. The study by Schairer et
al. [1], based on over 40,000 women, found a higher risk
for the combined treatment compared with estrogen alone
but only in lean women. The study does not distinguish
between different types of estrogens and progestins used
but states that it is mainly based on conjugated estrogens
(Premarin) and to a large extent on medroxyprogesterone
acetate. The study by Ross et al. [2] reported similar
results for combined HRT showing a higher risk compa-
red with ERT. Again the study is based predominantly on
conjugated equine estrogens and the great majority of
progestin used was medroxyprogesterone acetate.

Very few studies have included a comparison between
the regimen types cyclic versus continuous combined. The
Ewertz study [11] found the sequential combined (SC)
treatment to have a higher breast cancer risk compared to
continuous combined (CC), the conclusion being based on
only eight breast cancer cases in the continuous-combined
group. The Magnusson study [3], which compares SC
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versus CC including only testosterone-derived progestins,
also shows a higher breast cancer risk in the SC group for
up to two years HRT treatment. Although this conclusion
might again be based on too few cases (51 per regimen
group), it might nevertheless give an indication of possible
differences between the two regimens. Ross et al. [2] inte-
restingly also found a higher risk for SC compared with
CC, however, without any statistical significance. These
studies therefore indicate that there might be a difference
between the two regimens regarding breast cancer risk. It
has to be remembered, however, that these differences
might be related to the different doses of progestins used
in the different regimens or to a specific interaction related
to the type of estrogen used.

Estrogens while most likely not involved in the initia-
tion of breast cancer, have been shown to promote the
proliferation of breast cells as well as breast cancer cells
which possess functional estrogen receptors [12]. Proge-
sterone leads to inhibition of estradiol-induced prolifera-
tion by down-regulating estrogen and progesterone
receptors, and is involved in the differentiation of the ter-
minal ductuli in the mamma. There is still controversy
about the exact role of progestins on breast tissue. High-
dose MPA treatment in breast cancer patients was shown
to increase the number of cells in the GO/G1 phase and to
reduce the number of cells in the S and G2/M phase [13].
The transit time in the G1 phase was also shown to be
increased in MCF-7 cells [14, 15]. In contrast, two
studies, one based on female monkeys and one on obese
postmenopausal women, both found a higher prolifera-
tion in breast epithelial cells in the groups that had taken
combined estrogen/MPA HRT compared with estrogen
alone [16, 17].

NET has been shown to have a growth-stimulating
effect on MCF-7 cells when used alone by acting on ER
[8, 18], and by differential regulation of TGF-B expres-
sion [19]. On the other hand, treatment of breast cancer
with high dose NET was shown to lead to partial remis-
sion or stabilisation in many cases [20].

There are only a few in vitro studies so far which have
investigated the effect of MPA and NET on estradiol
induced proliferation. Jeng/Jordan [19] showed MPA and
NET to have a similar proliferative effect on the prolife-
ration of MCF-7 cells compared to the control, but unfor-
tunately they did not provide an estradiol control for
comparison. Interestingly they also studied NET together
with estradiol in a further experiment using a smaller
starting number of MCF-7 cells and including an estra-
diol control which resulted in NET having an antiprolife-
rative effect on the estradiol-induced cells compared with
the estradiol control alone. In the study by Schoonen et
al. [8], MPA plus estradiol significantly inhibited cell
proliferation from 10° to 10°* M with NET not showing
any significant inhibition of the MCF-7 cells. The diffe-
rent results of Schoonen et al. and Jeng and Jordan are
probably due to different culture conditions such as dif-
ferences in the media for seeding of the cells as well as
for their cultivation and a different number of days of
preculture before the test substances were added.

Our results show that in continuous-combined treatment

MPA has a stronger antiproliferative effect on estradiol-
induced MCF-7 cells compared with NET, as well as a
wider range of concentrations at which MPA significantly
reduces cell proliferation. Sequential combined treatment
seems to result in a narrowing of the range of significant
inhibition seen in CC on the one hand but also in a strong
increase of antiproliferative potential for both MPA and
NET. The stronger inhibition could be shown to be signi-
ficant in the case of MPA but not for NET due to the larger
standard deviation seen for the individual experiments.

In HRT the commonly used dosages of 5 mg (CC) to
10 mg (SC) per day of MPA lead to serum concentrations
of 4x10°M to 10®*M [21, 22]. Treatment of breast cancer
with high dose MPA of commonly used dosages of
around 1000 mg results in serum concentrations of
around 10°M [23]. For NET, usual dosages of 1 mg/day
(for CC and SC) result in serum concentrations of around
10*M [24, 25]. As the oral dose is usually taken once a
day, an initial rise in serum concentration is seen within
the first few hours, followed by a subsequent decline.

Our results show that different regimens do have a
distinctly different effect on estradiol-stimulated MCF-7
proliferation in this in vitro model. It seems that the con-
tinuous-combined form of HRT treatment is effective
over a broader range of concentrations, especially also at
lower progestin concentrations which might be more
relevant to the mean plasma concentrations seen in
patients. The broader range might be an advantage con-
cerning inter-patient plasma variations and for possibly
different progestin concentrations reached within diffe-
rent tissues. In the SC model only MPA was able to signi-
ficantly inhibit MCF-7 proliferation, and only at the
higher concentrations tested. Although the inhibition was
significantly higher compared to the CC model, up to
complete suppression of estradiol-induced breast cancer
cell proliferation at 10° M MPA, this might imply that
possibly this form of regimen would only be advanta-
geous for women with very high MPA plasma concentra-
tions. NET did not show any significant inhibition in the
SC model which could be an indication that the CC form
of treatment might have a greater effect on the MCF-7
cells. This lack of inhibitory effect of NET in the SC
model goes with the observation in the Magnusson study
that a cyclic regimen with testosterone-derived progestins
leads to a higher breast cancer risk within the first two
years of treatment compared to a continuous regimen and
might be due to the interaction of NET with the estrogen
receptor after pre-stimulation of the cells with estradiol.

We defined our SC model as cells pretreated with estra-
diol, while the CC model was defined as cells without
estradiol pretreatment. The effect a CC type regimen
would have on women who had previously undergone
ERT or for women with elevated endogenous estrogens
such as seen in clinical obesity are important questions
which cannot be answered with our model. The exact cli-
nical setting of 12+2 days of progestin could not be
reproduced with our in vitro model due to experimental
restrictions. Nevertheless our model does give the possi-
bility to study potential effects of progestins after an
initial period of estradiol stimulation. Regarding the
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effect of progestins on breast tissue, there has been no
large epidemiological study so far which has indicated a
protective effect of combined HRT for protection against
breast cancer. The only well documented effect of proge-
stins in combined HRT has been in their antiproliferative
effect on endometrial cells [26, 27]. These in vitro expe-
riments do show that the type of regimen is important for
the outcoming results and that they do have different
effects on the proliferation of the breast cancer cell line
chosen here, MCF-7 cells. Since the exact experimental
conditions used, such as passage number of the cell line
used, starting number of cells, length of experiment and
medium used can have a strong effect on the result of the
experiment, it is important to be cautious with deductions
of the in vivo situation. In vitro experiments are useful for
concentrating on single factors in order to study them and
to further our understanding of potential mechanisms
which might play a role in the clinical situation.

Our experimental results seem to indicate that it might
be possible that different regimens are more suitable for
different patients, for example with different plasma estra-
diol/progestin levels. In order to evaluate which regimen
type is more protective with respect to breast cancer, pro-
spective clinical studies are needed which take into account
a more individualised form of treatment for each patient.
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