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Influences of percutaneous administration of estradiol and
progesterone on human breast epithelial cell cycle in vivo*t

King-Jen Chang, M.D.1§
Tigris T.Y. Lee, MLD.§
Gustavo Linares-Cruz, M.D.||

Sabine Fournier, Ph.D.1
Bruno de Ligniéres, M.D.**

National Taiwan University Hospital, Taipei, Teiwan, and Laboratoire de Pharmacologie Expérimentale, Hopital Saint-Louis,

Paris, France

Objective: To study the effect of E; and P on the epithelial enll eyele of normal human breast in

vivo.

Design: Double-blind, randomized study. Topical application to the hreast of a gel containing
either a placebo, E,, P, or a combination of B, and P, daily, during the 10 to 13 days preceding breaat

surgery.

Patients: Forty premenopausal women undergoing breast surgery for the removal of a lump.
Main Outcome measures. Plasma and breast tissue concentrations of E, and P. Epithelial cel]
cycle evaluated in normal breast tissue areas by cpt.mting_.mitom. and .proliferating cell nuclear

antigen immunostaining guantitative analyses.

Results: Increased E, cancentration increases the number of cycling epithelial cells. Increased P
concentration significantly decreases the number of cyeling epithelial cells.
Conclusion: Exposure to P for 10 to 13 days reduces E,-induced proliferation of noxmal breast

opithelial cella in vivo.

Fertil Steril 1995;63:785-91

Key Words: Human, in vivo, noxmal breast tissue, P, By, percutaneous administration, steroid
concentration, proliferation markers, mitotic index, PCNA

Most research investigation programs on the nat-
ural history of breast disease focus on breast cancer
cells between in situ and metastatic tumors. Little
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is known about the basic physiology of breast tissue
and the early changes occuring between normal epi-
thelium to hyperplasia. However, understanding
the regulation and deregulation of mitotic activity
in normal breast epithelial cells is an important
endpoint, because epithelial hyperplasia is one of
the major risk factors for breast cancer (1). Al-
though there is a general consensus that 178-E,
even in physiological concentrations increases the
mitogenic activity of epithelial cells, the influence
of P has been debated for decadég (2-6).
Progesterone is thought to either increase, de-
crease, or have no effect on mitotic activity and pro-
liferation in breast epithelial cells. It may induce,
reduce, or have no effect on hyperplastic lesions,
and it may prevent or increase breast cancer risk
during long-term use (2—4). Some studies call either
for restrictions or widespread use of progestogens
785
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in contraception or in hormone replacement ther-
apy (2, 5). These authors believe that spontaneous
ovulatory cycles may either prevent or alternatively
increase breast cancer risk (4, 6). Therefore, the
many critical decisions required today are based on
insufficient and conflicting data regarding P influ-
ence on normal epithelial breast cells.

In vitro studies generally show that P decreases
the mitotic activity of normal human breast epithe-
lial cells (7) and also partially inhibits the estrogen-
induced proliferative response in most human can-
cerous cell lines (8). However, these data are not
entirely convincing because the actual P influence
may be different in vivo. The many complex inter-
actions among myoepithelial, stromal, and adipose
cells cannot be reproduced adequately in vitro (9).

In vivo the maximal proliferative rate of breast
epithelium surgically biopsied has been reported
variously to occur either in the early follicular
phase (10), early luteal phase (11), or in the late
luteal phase (8, 12), the latter results suggesting a
mitogenic activity for P. None of these incongistent
studies has attempted to correlate the observed
high interindividual variation in mitotic activity
with individual P and E, concentrations in plasma
and breast tissue at the time of biopsy. Patients
submitted to general anesthesia for breast surgery,
even for benign indications, are more likely to expe-
rience stress-induced disturbances in their P and Eg
ovarian secretion during the luteal phase and to
have lower P concentrations on any given day of
their late luteal phase (13, 14). One study conducted
in women autopeied within 24 hours after sudden
unexpected death showed that the drop in mitotic
activity occurs approximately 8 days later in breast
epithelium than in endometrium of the same sub-
jects (12). These substantial differences between
the endometrial and breast response to the same
gox steroid plasma levels suggest fundamental dif-
ferences in nature of or dynamism of the responses
or both. Progesterone suppresses E; receptors in
both endometrial and breast epithelial cells but
does not seem to downregulate P receptors in breast
epithelial cells (15, 16). Only one in vivo study has
tried to induce stable breast tissue concentrations
of either E, or P, during the days preceding surgery
(14). This study has shown that sustained levels of
P in breast tissue maintained for >10 days tend to
decrease mitotic activity in the normal breast epi-
thelial cells. The present study is an attempt to in-

- vestigate the respective influences of Eg and P on
‘normal human breast epithelium in vivo.

786 Chang et al. P and human breast in vivo
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MATERIALS AND METHODS

Patients

Forty premenopausal patients were enrolled in
this study. They were between 18 and 45 years of
age, had regular menstrual cycles, and had not
taken any estrogen or progestin for at least 2
months. They were undergoing breast surgery for
removal of a suspicious although presumably be-
nign lump. The study design was approved by the
Institutional Review Board of our University and a
written informed consent was obtained for each
woman hefore treatment.

Study Design

Surgery was scheduled between the 11th and
13th day of the menstrual cycle, before the pre-
sumed date of ovulation and the beginning of endog-
enous production of P. The subjects were assigned
at random to receive a hydro-alcoholic gel (2.5 g/d)
containing either a placebo or 25 mg of P, or 1.5 mg
of E, or a combination of E, (1.5 mg) plus P (25 mg;
Besins-Iscovesco Laboratory, Paris, France).

The gel was applied daily on the breast scheduled
for surgery, from the 1st day of the menstrual cycle
and during the 11 to 13 days preceding surgery. At
time of surgery, a blood sample was taken for E, and
P plasma level measurements by specific RIAs de-
scribed previously (14).

Two samples of breast tissue (approximately 500
mg each) were taken in a macroscopically normal
area at least 1 cm away from the lump. The first
sample was stored at —20°C and processed for the
measurement of E, and P tissue concentrations.
The second sample was stored immediately in for-
malin and used for measurements of the cell cycle
markers. Pathological tissues were sent to the pa-
thologist for histologic diagnosis according to usual
procedure.

Steroid Tisgue Assays

Steroid extraction from the breast tissue was
performed as follows (all manipulations were
carried out at 0°C). Briefly, breast tissue (500 mg)
was homogenized in water with a polytron. Radioac-’
tive tracer steroids were added to the mixture for
calculation of the extraction rate. Steroids were
then extracted twice with 15 mL of ether and then
evaporated under nitrogen. One milliliter of 70%
methanol in water was added to the residue and
stored overnight at —20°C for deffating.
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The mixture was centrifuged for 30 minutes
(8,000 X g) at —6°C. A supernatant aliquot (0.83mL)
was taken and evaporated. If the residue was not
limpid, it was dissolved in ether: the other phage
was evaporated and the residue dissolved in dich-
Joromethane-methanol. It was then applied to a
Sephadex LH 20 column (Pharmacia, St. Quentin,
France) in dichloromethane-methanol (90:10).
Fractions were collected and radiocactivity was de-
termined in all fractions, after which pools of P and

‘B, were made. The E, concentration was calculated

directly by RIA. For P, the residue was dissolved in
0.5 mL of saturated isooctane with 10% ethylene-
glycol, Chromatography on a celite column was
prepared: pure P fractions were evaporated and
then dissolved in 2 mL of ethanol for final RIA as
described previously (14).

Mitotic Index (MI)

Normal breast tissue preparations were stained
by the pararosaniline Feulgen-Schiff techniques
(17). Cells in the intralobular and in the large inter-
lobular ducts were counted, as well as the acinar
cells. The term “acinus” is used to describe the ter-
minal units seen within the breast during the rest-
ing stage. “Ductal cells” are the epithelial, luminal,
and myoepithelial cells that line the intralobular
and extralobular ducts. The MI was defined as the
number of mitetic figures divided by the total num-
ber of cells counted expressed per 1,000 cells. Up to
5,000 cells were counted in six nonaequential sec-
tions; the whole section was scanned at %40,

The proliferating cell nuclear antigen (PCNA)
also known as cyclin, is an acidic nuclear protein
with an apparent molecular mass of 36 kd. Monoclo-
nal antibodies raised against PCNA (18) have been
shown to correlate with the proliferative compart-
ment in conventionally fixed and processes normal
human tissues. Proliferating cell nuclear antigen
was analyzed with the murine immunoglobulin G

" 98k monoclonal antibody PC-10 anti-PCNA anti-

body developed by Waseem et al. (18). Immunohis-
tochemical assays were performed in convention-
ally formalin-fixed, paraffin-embedded sections.
Sections were cut at room temperature (not heated
1o assist adherence to glass slides), mounted on
poly-L-lysine—coated glass slides, and air-dried
overnight at room temperature. Sections were de-
wazed and rehydrated and then treated for 1 hour
with 3% H,0, in absolute methancl, to block endog-
enous peroxidase activity. Sections then were incu-
bated in 0.5% tween, 2% bovine serum albumin in

Vol. 63, No. 4, April 1996
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phosphate-buffered saline for 30 minutes. Immuno-
staining was carried out using a streptavidin biotin
peroxidase substrate. The primary antibody was di-
luted 1:100 and incubated overnight. 3-Amino-9-
ethylcarbazo) was employed as a chromogen. Aspos-
jtive control for PC-10, a lymphoid tissue section
was included.

Immunohigtochemical Analysis

The immunostaining quantitative analysis was
done by means of a computer-assisted image proces-
sor (19) (Systéme d’Analyse Microphotométrique &
Balayage Automatique; Samba-Alcatel, Grenoble,
France). This microcomputer-based system is con-
figurated with a standard microscope (Polyvar; Ri-
chert Jung, Cambridge, United Kingdom), a color
video camera (Sony Co., Kanagawa-Ken, Japan),
and a 80286 computer (V286; Victor, Stockholm,
Sweden). The intensity and distribution of PCNA
labeling in hematoxylin-counterstained tissue sec-
tions was quantified, Proliferating cell nuclear an-
tigen was analyzed as a false red color, whereas
counterstained cells were analyzed as a false blue
color. For each preparation, optical density (OD)
thresholds were determined using real microscopic
images of the analyzed field as reference. Moeasure-
ments of immunostaining were performed at X25.
Twenty fields were analyzed for each section. Indi-
ces of stained nuclear surface and immunostaining
OD were expressed in arbitrary units. Controls for
immunostaining quantitative analysis reproducibil-
ity were carried out by [1] comparison to iterative
measurements done on the same preparations and
[2] comparison to measurements completed on five
sequential sections of the same specimen. Evalua-
tion of tissue variations in PCNA immunostaining
guantitative analysis was carried out by comparing
the immunostaining OD measurements of 20 fields
taken from each of 6 nonconsecutive sections from
each normal specimen.

The intensity of PCNA immunoreactivity dis-
played by actively proliferating, cells in lymph
nodes (centroblast) served as a reference for thresh-
olds positive staining in breast tissues.

Statistical .Annlysis

Statistical analyses were performed using the
Kruskal Wallis nonparametric ‘test of variance
among the four treatment groups, separately for
¢ach parameter. When the null hypothesia (the four
groups are identical) was rejected at the level 0.05, 8
multiple comparison procedure (20) was used to de-
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Table 1 Intraglandular Steroid Concentration®

Placebo P E, E,+P
Treatment (n=8) (n="17 n=29) (n=9)

MVH CRAIG MEM LIB

P(ag/g)t 0603 66 +1203 21z 38 41.2x76.2t
E;(ng/gl 0504 05207 9.0x282.74F 8656% 60,618

* Values are mesans = SD.

+ Conversion factor to SI unit, 8.180.
£ P < 0.05 versus placebo.

§ P < 0,06 versus P group.

| P < 0.05 versua E, group.

1 Conversion factor to SI unit, 3.871,

termine which pairs of groups differed. The same
level of statistical significance (0.05) was used in
the whole procedure. Relation between the two pro-
liferation markers, mitosis, and PCNA were ana-
lyzed by a Spearman correlation coefficient.

RESULTS

Patients and Treatments

Thirty-four of forty patients initially enzolled ef-
fectively completed the study. Six patients dropped
out before surgery. One patient was excluded be-
cause of early ovulation with a plasma P level of 12

ng/mL (conversion factor to SI unit, 3.180) on day

12 of her menstrual cycle. Among the remaining 33
patients, 8 patients received a placebo, 7 received
the P gel, 9 patients received the E, gel, and 9 re-
ceived the E, + P gel.

Plasma Levels

The mean P plasma levels were consistently <1
ng/mlL (conversion factor to SI unit, 3.18) in each
treatment group. Estradiol plasma levels were
within the physiologic range of normal menstrual
cycle in all groups (mean range 57 + 31 to 223 £ 99
pe/mL [conversion factor to SI uxit, 3.67]). Estra-
diol plasma values were not significantly different
in any treatment group when considered sepa-
rately. However, when E, plasma values of users of
the two gel formulations containing E; (223 £ 99
pg/mL with E, gel and 122 + 108 pg/mL with E,
+ P associated gel) were pooled and compared with
those of users of gel containing no E, (87 + 31 pg/
mL, with P gel and 95 + 63 pg/mL with placebo gel),
the difference reached statistical significance (P
< 0.05).

Tissue Concentrations

The mean P tissue concentrations were 0.6 = 0.3,
66 + 120, 2.1 + 3.8, and 41.2 + 75.2 ng/g tissue in the

788 Chang et al. P and human breast in Vivo
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placebo, P-, Ey-, and E, + P-treated groups, respec-
tively. Progesterone tissue concentrations were sig-
nificantly higher (P < 0.05) in the two groups
treated with P (P and E, + P) than in the two other
groups (placebo and E;) (Table 1). The mean E,
tissue concentrations were 0.5 + 0.4, 0.5 + 0.7, 91
+ 232, and 35 = 69 ng/g tissue in the placebo, P-,
E,- and E, + P-treated groups, respectively. Estra-
diol tissue concentrations in group E, and E, + P
were significantly higher than in the placebo or P
gel group (P < 0.05).

Proliferation Markers

Mitotic index was significantly lower in the P
group compared with the placebo group, whereas it
was significantly higher in the E, group compared
with the P group (P < 0.05). The Ml in the E, + P
group was comparable to the placebo group and was
not significantly different from any other groups
(Table 2).

The PCNA labeling index (LI) was 7.8% = 4.8%
in the placebo group, significantly higher (17.4%
+ 8.4%) (P < 0.05) in the E, group and significantly
lower (P < 0.05) in the P group (1.9% + 0.8%). In
comparison with_the E, group PCNA LI was re-
duced significantly (6.5% = 4.4%) (P < 0.06) in the
E, + P group. A significant correlation between the
MI and the PCNA LI (P < 0.05) with a correlation
coefficient of 0.50 was found.

DISCUSSION

Despite the urgent need for many critical clinical
decigions in current practice, precise and undis-
puted information concerning the influence of P on
the normal human breast is still lacking. Specifi-
cally, it is not known whether or not P may influ-
ence epithelial proliferation and occurence of duc-
tal hyperplasia. Epidemiologic and intervention
studies have numerous biases including the use at
different doses and durations of various synthetic

Table 2 Proliferation Markers in Normal Lobular
Epithelial Cells* '
|

Treatment Placebo P E: E,+P
Mitoaia per , ’
1000 cells 0.61 024 017+019* 083042t 0.52x0.42

PONA(LI%) 7.8 z48 1.5 £068* 174 +64% 65 + 4.4%

* Vahies are means * 5D.
+ P < 0.08 versus placebo.
} P < 0.05 versus P group.
§ P < 0.06 versus E, group.
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progestins (21). In vitro studies may be misleading
because they do not reproduce adequately interac-
tions between epithelium and stroma and because
the other factors added to the in vitro milieu may
not be present in vivo, thereby changing the out-
come. The previously published conflicting results
derived from human breast biopsies in vivo might
be improved by a more careful evaluation of inten-
sity and duration of hormonal stimulation at the
time of biopsy and by a better identification of the
cell cycle.

The present protocol derived from the Barrat et
al. study (14) is likely to provide a more reliable
understanding of the respective P and E, influences
in comparison with previous studies.

In the present study daily topical breast applica-
tion of a placebo, E,, P, or E; + P gel for 10 to 13
days before surgery induced limited changes in
plasma E, or P levels while producing markedly dif-
ferent levels of steroid accumulation within the
breast tissue. In agreement with previous studies
(13, 14) plasma P levels were not been changed by
topical application of P gel to the breast. The ap-
plied dose is expected to deliver 2.5 mg of P to the
breast tissue, approximately 10% of the entire

ovarian production during the luteal phase. This™"

delivered dose should not be enough to affect signifi-
cantly serum concentrations. Daily application of
1.5 mg E, in a gel formulation on a relatively small
gkin surface area (approximately 200 cm®) is ex-
pected to deliver <50 ug/d of By, a dose equivalent
to approximately 50% of the mean endogenous pro-
duction and responsible for the small but signifi-
cant increase in E, plasma values in users of the E,
or E; + P gel formulation. Irrespective of the
plasma changes, breast tissue P concentrations, as
expected, were significantly higher in the P- and E,
+ P-treated groups, and E, concentrations were sig-
nificantly higher in the E,- and B, + P-treated
groupa.

Traditionally, the growth fraction has been mea-
sured by autoradiography using radiolabeled thymi-
dine or by evaluating the number of visible mitoses.
The former method measures those cells in the S
phase but is somewhat cumbersome and depends on
many experimental factors.

Counting mitotic figures (Fig. 1) identifies only a
very small percentage of the cycling cells, exclu-
sively those in the short M phase (1 per 10,000 to 1
per 1,000 epithelial cells). This procedure requires
careful examination of thousands of epithelial cells,
and therefore produces a reduced quantity and qual-
ity of information with limited statistical value. An

Vol. 63, Na. 4, April 19956
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Figure 1 Mitatic figure in a normal breast epithelial cell
(X100).

endogenous cell proliferation marker (PCNA),
which is preserved during tissue processing for
pathological studies, improves measurements of
the mitotic growth fraction (Fig. 2}). Proliferating
cell nuclear antigen immunostaining identifies all
cycling cells from the late G1 to G2M phase (1 per
100 to 1 per 5 epithelial cells). The interpretation of
PCNA -immunoreactivity in normal tissues has
been reviewed widely (22, 23). Proliferating cell nu-
clear antigen is a reliable marker of cell prolifera-
tion in mon-neoplastic tissues. The computerized
detection of PCNA-labeled cells reduces subjectiv-
ity, improves reproducability, and eases the work-
load. To summarize, PCNA LI produces approxi-
mately 100 times more information than MI from
the same limited number of epithelial cells avail-
able from the breast biopsy and therefore amplifies
the validity of the cell cycle analysis. For example,
differences in epithelial cell cycle between E, and

.E, + P groups reach statistical significance accord-

ing to PCNA LI but not when using the simple
counting of mitotic figures. Similarly, the differ-
ences between E, and placebo groups are signifi-
cantly different by the PCNA LI method but not
by ML

Blinded evaluation of the MI of normal breast
epithelial cells has shown significant variation ac-
cording to ambient steroid concentrations, This in-
dex was lower in the P groups and higher in the E;.
group. These results are in agreement with the
study of Barrat et al. (14). Adding P to E, tended to
reduce the MI to the level seen in the placebo-
treated group.

Computerized analysis of PCNA-labeled cells
has provided for the first time strong confirmatory

Chang et al, P and human breast in vivo 789
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Figure 2 Proliferating cell nuclear antigen-labeling index in normal breast tissues was detarmined using a
low threshald of reactivity. Proliferating cell nuclaar antigen immunoreactivity displayed by active proliferat-
ing cells in positive controls was retained ss threshold. A (X60) and B (X100) show the immunoreactivity
obgerved in tissue from a E,-treated patient (PCNA LI 19.4%). C (X60) and D (X100) ahow the PCNA
immunostaining observed in tissus from a P-treated patient (PCNA LI: 1.1%). Arrows indicata the intensity of
PCNA immunostaining retained as threshold.

results with significant correlation between MI and
PCNA-labeling indexz, Specifically adding P to E,
significantly reduced the proliferative effect of E,
alone. The present data shows that in vivo, 10 to 13
days of P exposure decreases the growth fraction of
normal epithelial cells in the breast of premeno-
pausal women. Thase data do not provide informa-
tion about the effects of shorter duration of P expo-

sure, which may first stimulate before inhibiting

¢pithelial proliferation (8). Standard teaching on
breast physiology includes & short-term role for P

790 Chang et al. P and human braast in vivo

in the stimmulation of alveolar cell proliferation in
the early luteal phase (i.e., after few days of P expo-
sure). These classical data do not exclude the possi-
bility of an inhibitory response in breast epithelium
proliferation to longer P treatment. They also do
not exclude the possibility of a delay in breast re-
sponse in comparison with endometrium. In the
present study we evalusted the more sustained ef-
fect of P lagting 10 to 13 days.

Two studiea have suggested that endogenous P
secretion suppresses E, receptors in breast epithe-
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lial cells as is also the case in endometrium, but
does not down regulate P receptors (1.5, 16). Sup-
pression of E; receptors is consistent with an an-
tiestrogenic effect, but the consequence of persist-
ing P receptors is unknown. In studies showing
stimulation of human breast cancer cells by very
high concentrations of some synthetic progestins, a
cross reactivity with E, receptors also has been
shown, but activation of P receptors has been ex-
cluded as the growth stimulatory mechanisem (24,
25). The present data strongly support the concept
that physiologic secretion of P during a normal lu-
teal phase favorably influences the control of the
human breast epithelial cell cycle. It also suggests
that P or related drugs may have a therapeutic
value to prevent breast epithelial hyperplasia when
used =10 days per month at epproximate substitu-
tive doses.
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