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THE EFFECTS OF PROGESTERONE ON
BREAST TISSUE

Summary

The control of the number of mam-
mary cells depends on an equilib-
rium between cell multiplication by
mitosis, and apoptotic cell death. It
has been described that an apoptotic
surge occurs at the end of the luteal
phase. In this work, we demonstrate
that the interruption of a progestin
treatment (nomegestrol acetate) in-
duces a phase of increased apoptotic
death in the normal mammary epi-
thelial cells, as demonstrated by
TUNEL staining and biochemical

INTRODUCTION

The control of cell number during
processes involving the renewal of tis-
sues is essential in embryos and
adults. This control relies on a deli-
cate balance between proliferation
and cell death. Proliferation and
apoptosis (programmed cell death)
have indeed been implicated in sev-
eral normal processes, such as tissue
development and homoeostasis but
also in many pathological states.

In the “resting” human breast, epithe-
lial cell proliferation has been re-
ported to peak during the follicular
[1, 2] and luteal phases of the men-
strual cycle [2-5]. On the other hand,
Ferguson and Anderson [2] noted the
highest percentage of apoptotic cells
during menstruation. The expression
of Bcl-2, which inhibits apoptosis, is
maximal in breast epithelial cells dur-
ing ovulation and then dramatically
declines as apoptosis rises [6].

Moreover, variations of Bcl-2 expres-
sion are correlated with seric proges-
terone levels [7]. This sequence of
events suggests that Bcl-2 expression
and apoptosis are directly or indi-
rectly influenced by ovarian steroid
hormones.

Understanding the regulation of
mammary tissular homoeostasis by

determination of caspase-3 activity.
Continuous treatment by the proges-
tin does not increase apoptotic rates.
The apoptotic rates of epithelial cells
from fibroadenoma or the adenocar-
cinoma cell line T-47D are not af-
fected by either the continuous or
discontinuous treatment. Our data
indicate apoptotic induction in nor-
mal mammary epithelial cells by in-
terruption of a progestin treatment, a
fact that could constitute an impor-
tant parameter for developing be-
nign, preneoplastic or neoplastic
mammary disease.

the ovarian steroid hormones during
the menstrual cycle is an important
step for managing the risks of the
hormonal replacement therapy
(HRT). To date, epidemiological
studies are lacking to demonstrate a
link between continuous or discon-
tinuous progestin administration in
HRT and the risk of breast cancer
(8, 91.

Therefore, in the present study, we
examined the effects of a progestin
(nomegestrol acetate or NOMAC) on
the apoptosis of normal breast epi-
thelial cells, both in vitro and in
vivo, and of fibroadenoma in vivo
and cancerous cells in vitro.

IMATERIALS AND METHODS

In vitro experimentations

HMEC (human mammary epithelial
cells) were isolated from tissues ob-
tained from reduction mammoplast-
ies and processed immediately after
surgery as previously described [10].
Culture medium was changed every
3 days and the primary cells used in
the experiment were harvested after
trypsinization of 15-day-old cultures.
Human mammary tumour cell line T-
47D was obtained from American
Type Cell Culture and cultured ac-
cording to their recommendations.

Hormonal treatments

After 48 h, medium was replaced
with fresh steroid-free medium (with-
out red phenol and supplemented
with dextran-charcoal-treated se-
rum). Then semi-confluent (50 %)
cultures were treated as follows:

1. NOMAC withdrawal: 107 M
NOMAC (kindly provided by
Theramex, Monaco) was added
for
3 days and then the medium was
replaced with fresh steroid-free
medium supplemented with 0.1 %
ethanol (used as the vehicle) and
incubated for 3 days;

2. continuous NOMAC: 107 M
NOMAC was present during all
6 days;

3. untreated control: cells were
grown in a steroid-free medium
containing 0.1 % ethanol for 6
days. Media were changed once a

day.
In situ detection of apoptosis

TUNEL (terminal dUTP nick-end
labelling) [11] was used to detect
free 3’-end OH groups in situ in frag-
mented DNA according to the manu-
facturer’s instructions (In Situ Cell
Death Detection Kit™, Boehringer
Mannheim) Automated quantitative
immunolabelling analysis was per-
formed using a computer assisted
image processor (CAS 200), as previ-
ously described [11]. At least 1000
nuclei were counted for each well.
Appropriate positive and negative
controls were included.

Caspase-3 activity

Caspase-3 (Yama/apopain/CPP32) is
an enzyme like interleukin 1b-con-
verting enzyme implicated in apopto-
sis [10, 11]. Its activity was measured
as previously described [12].

Caspase-3 inhibition

The inhibitor DEVD-CHO (Z-Asp-
Glu-Val-Asp-CH2F, Enzyme Systems
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Products) was added to the medium
(50 pl/ml of medium) simultane-
ously with NOMAC withdrawal.
Cells were fixed and analysed using
the TUNEL technique described
above.

In vivo experimentations

Patients

Forty premenopausal women (mean
age: 32.8 = 11.6 years, range: 16-53
years) with documented spontaneous
regular menstrual cycles were enrolled
in this study. Previous hormonal con-
traception was discontinued. Twenty
of these women had requested a
reduction mammoplasty and had no
known breast pathology (normal
breast group). Other twenty under-
went removal of a fibroadenoma,
which had been diagnosed clinically
and radiologically and confirmed
histologically (fibroadenoma group).
In each group, the women were ran-
domly assigned to one of two treat-
ment groups and received a hydro-
alcoholic gel (2 g/day), containing
either NOMAC 2.2 g/day or a pla-
cebo. Each gel formulation was ap-
plied daily to both breasts for 14 days

prior to surgery, from the 1% to the
14" (£ 1) day of the menstrual cycle.
Surgery was performed on the 15®
day of menstrual cycle. The study
design was approved by the Univer-
sity of Liege Ethics Committee and
oral informed consent was obtained
from each woman.

Study design

Surgery was performed on the 15"
day of menstrual cycle. The gel was
applied for the last time 24-30 hours
before surgery. During surgery, a
blood sample was taken for plasma
level measurements of E2 (estradiol),
P (progesterone), SHBG (sex hormone
binding globulin) and NOMAC. Two
samples of normal breast tissue or
fibroadenoma were set aside for this
study. The first was stored at =20 °C
and processed for measurement of
tissue E2 and NOMAC concentra-
tions using specific RIA. The second
sample was fixed and used for
semi-quantitative evaluation of ER
(estradiol receptors) and PR (proges-
terone receptors) using ER-RIA and
PR-RIA kits and for detection of
apoptosis by TUNEL, as described
above with some modifications.

RESULTS

In vitro studies

Regulation of HMEC apoptosis by a
synthetic progestin

HMEC were cultured with NOMAC
or after its withdrawal and apoptosis
was evaluated using the TUNEL tech-
nique. Untreated control cells
showed low and constant levels of
apoptosis (8 £ 5 %; n = 4). Similar
apoptotic levels (9 £ 6 %; n = 4) were
observed when cells were exposed
continuously for 72 hours to 107 M
NOMAC. In contrast, the apoptosis
rate was higher and clearly affected
by NOMAC withdrawal, with HMEC
apoptosis peaking (41 + 14 %; n = 4)
24-30 h after NOMAC withdrawal.
Subsequently, the number of cells
undergoing apoptosis returned to low
levels comparable to those of control
cultures (untreated cells or cells sub-
jected to continuous treatment) (9 +
6 %; n = 4) (Fig. 1).

To further characterize the biochemi-
cal characteristics of the apoptotic

NOMAC withdrawal ().

&0

Figure 1: HMEC apoptosis after NOMAC withdrawal and
effect of caspase-3 inhibitor DEVD-CHO. Cells cultured as
described under Materials and Methods were either
untreated (e ), continuously treated with NOMAC (m ), or
NOMAC was withdrawn at 0 h ( A). Caspase-3 inhibitor
was able to block the apoptotic response observed after

Z-DEVD-AFC.

Figure 2: Influence of NOMAC withdrawal on caspase-3
activity in HMEC. Cultured cells were untreated (e ),
continuously exposed to NOMAC (m ), or NOMAC was
withdrawn after 24 h ( ). Some wells were incubated with
0.9 % NaCl (O).Caspase-3 activity was measured in cell
lysates incubated with the specefic fluorogenic substrate,
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response, caspase-3 activity was ana-
lysed in cell lysates by using a spe-
cific fluorigenic substrate. Caspase-3
activity was consistently increased in
cultures from which NOMAC had
been withdrawn for 24-32 h in com-
parison to those of untreated controls
or cultures continuously exposed to
NOMAC (Fig. 2).

We therefore tested the effect of a
caspase-3 inhibitor on the apoptosis
of cells from which NOMAC had
been withdrawn. When the caspase-
3 inhibitor DEVD-CHO was added
to the culture medium at the time of
progestin withdrawal, apoptosis re-
mained at control levels, as assessed
by TUNEL (Fig. 1). As expected, this
caspase-3 inhibitor did not affect cell
apoptosis under control or under
continuous NOMAC conditions (data
not shown).

Absence of NOMAC-induced apop-
tosis in tumoural breast T-47D cells

To determine whether or not this apop-
totic response to NOMAC withdrawal
was specific to normal epithelial cells,
human breast adenocarcinoma T-47D
cells expressing PR were subjected to
NOMAC treatment and withdrawal,

TUNEL technique. Unlike that of
HMEC, T-47D apoptosis remained be-
low 1 £0.5 % (n = 4) even 24 h after
NOMAC withdrawal (Fig. 3). These
findings suggest that the influence of
progestin withdrawal on apoptosis ob-
served in vitro is specific to normal
mammary epithelial cells.

In vivo studies

Women with no known pathology (nor-
mal breast group) who had requested
reduction mammoplasty and women
undergoing fibroadenoma removal
(fibroadenoma group) were enrolled in
the present in vivo study. 25 (12 from
the normal breast group and 13 from
the fibroadenoma group) among the 40
women initially enrolled, completed
the study. The 15 others were excluded
because of protocol irregularities. In the
normal breast group, six patients re-
ceived the NOMAC gel, and six re-
ceived the placebo gel. In the
fibroadenoma group, six applied the
NOMAC gel and seven the placebo
gel. Owing to the large interindividual
variations, plasma

In situ apoptosis detection

Apoptosis was detected in breast sec-
tions using the TUNEL technique. The
stromal cells of normal breast tissue
or fibroadenoma did not differ signifi-
cantly in their apoptosis levels, re-
gardless of the treatment. The epithe-
lial cells of NOMAC-treated normal
breast exhibited significantly higher
levels of apoptosis compared with
their placebo-treated counterparts (p
< 0.01) (Fig. 4). In fibroadenomas, the
rate of epithelial cell apoptosis was
higher than in normal breast, but did
not vary according to the breast expo-
sure to progestin (Fig. 4).

DISCUSSION

These data demonstrate that stopping
the administration of a progestin (like
NOMAC) to normal epithelial mam-
mary cells in vitro and in vivo in-
duces a significant increase of cell

E2, P and SHBG
and tissue E2 levels
did not vary signifi-
cantly among the

and apoptosis was evaluated using groups.

Figure 3: Effect of NOMAC withdrawal or continuous
treatment on HMEC and T47D tumor cell apoptosis.
Cells cultured as described under Materials and Meth-
ods were either untreated (white columns), treated con-
tinuously with NOMAC (hatched columns), or NOMAC
was withdrawn (black columns).
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Figure 4 NOMAC percutaneous mammary treatment be-
fore reduction mammoplasty (normal breasts) induces
a significant increase (*, p < 0.05) of apoptotic cell
death percentage (TUNEL labelled) in normal breasts,
compared with placebo percutaneous administration.
No difference in apoptosis levels was observed in stro-
mal cells (stroma) in normal breasts or in fibroadeno-
ma, nor in epithelial cells (epithelium) in fibroadenoma,
compared with placebo treatment.
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death by apoptosis. This phenom-
enon was demonstrated by two inde-
pendent methods: the TUNEL label-
ling, which detects free 3’-end OH
groups in situ in fragmented DNA,
and the measurement of caspase-3
activity, which is the main enzyme
implicated in the apoptosis. This
apoptosis induction seems to be spe-
cific of normal cells, as shown by the
absence of modulation of apoptosis
by progestin in fibroadenomas in
vivo and cancerous cells T-47D in
vitro. These data suggest a
dysregulation of apoptosis in benign
and malignant tumoural cells.

Moreover, data in vitro suggest that a
continuous administration of proges-
tin may not modify apoptosis rates of
normal epithelial mammary cells.
This information could be interesting
in the context of HRT, because a lack
of apoptosis can lead to a tissular
homoeostases dysfunction, leading
to the emergence of benign or
neoplastic diseases. Nevertheless,
this interpretation must be qualified
by the absence of specific clinical
data confirming this hypothesis, and
by the influence of other factors im-
plicated in the modulation of the
steroids effects on the epithelial
mammary cell, like the extracellular
matrix, the fibroblasts, the adipo-
cytes, the lymphocytes and other
endocrine factors.

CONCLUSION

The NOMAC withdrawal triggers in
vivo and in vitro a peak of apoptosis
in normal mammary epithelial cells,
but does not in fibroadenoma nor in
cancerous cells T-47D. This phenom-
enon could explain the peak of apop-
tosis observed on day 28 of menstrual
cycle, after the fall of the progester-
one seric level. The apoptosis in the
breast would be the equivalent of the
menstruations in the endometrium.
Indeed, if the proliferative effect of
estrogens alone remains discussed,
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our data show that a sufficient proges-
terone level maintained during a suffi-
cient length of time and followed by a
sudden fall of this level, triggers a
peak of apoptosis. This could prevent
the emergence of dysplasia and can-
cer. This hypothesis confirms the data
of Allan et coll. [13], which have
shown a reduction in apoptosis rela-

tive to mitosis in normal epithelium in
the neighbourhood of fibrocystic
changes and carcinoma in premeno-
pausal human breast.
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