Proliferation of breast epithelial cells in healthy women
during the menstrual cycle
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OBJECTIVE: Our objective was to assess proliferation in normal breast epithelial celis from healthy
women during the follicutar and luteal phases of the menstrual cycle.

STUDY DESIGN: We analyzed the proliferation marker Ki-67/MIB-1 by immunocytochemical methods in
preast epithelial cells procured through fine needle aspiration biopsy from 47 healthy volunteers.
Differences were assessed by Wilcoxon rank sum tests, and correlations were determined by Spearman’s
rank correlation coefficient.

RESULTS: The proportion of KI-67/MIB-1-positive cells was higher in the juteal phase (2.04%) than in
the follicular phase (1 66%). The values in women aged <35 years were 2.29% and 1.13%, respectively
= 0.003). In ovulating women with two aspirates during the same menstrual cycle the percentage of
proliferating cells increased from the follicular phase (1.3%) to the luteal phase (2.4%) (@ < 0.04).
proliferation was positively correlated with serum progesterone levels the day of aspiration r=0.34,

p < 0.05). :

CONCLUSION: The fine needle aspiration biopsy technique is a valuable tool for in vivo studies of cell
proliferation in the normal breast. Data clearly suggest a proliferative action of progesterone. (Am J
Obstet Gynecol 1997:176:123-8.)
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The hormonal regulation of proliferation in the normal only one proliferation analysis is possible. Most but not
breast is controversial and incompletely understood. all of these studies have shown the highest mitotic activity
Estrogen 18 generally accepted as a promoter of breast during the luteal phase."’8
epithelial cell proiiferation and also thought to be in- Fine needle aspiration biopsy is an established tech-
volved in the development and growth of breast cancer. nique for the preoperative diagnosis of palpable lumps
. The controversy concerns the action of progesterone- in the breast. Aspirated cells can also be used for
progestogen, for which the literature offers 2 huge immunocytochemical analyses of estrogen and proges-
number of conflicting results. Most in vitro studies of terone receptor content. The development of monoclo-
breast cancer cell lines and cultured normal cells' show nal antibodies against cell proliferation specific antigens
progesterone- progestogen to have an inhibitory effect also has made it possible to assess proliferation in cyto-
on proliferation, whereas some indicate an independent, logic breast cell samples. .
additive or synergistic effect in combination with estro- The Ki-67/MIB-1 monoclonal antibody reacts with a
gen.* In vivo experiments SO far have been mainly human nuclear antigen that is present in proliferating
analyses of mitosis in tissue sections from reduction cells but absent in quiesc‘ent cells. Cell cycle analysis
mammoplasties or from “normal” breast tissue near 2 showed that the antigen is expressed in Gy, S, Gy, and
benign or malignant lesion.? Studies that are based on mitosis.? The most significant Jimitation to the use of
such tissue specimens have apparent limitations, and Ki-67 has been the need for fresh- or snap-frozen mate-
rial because the antigen is highly sensitive to fixation.
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In this study fine needle aspiration was used together
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mal breast tissue from healthy women during the follic-
ular and luteal phases of the menstrual cycle.

Subjects and methods

Subjects. Forty-nine healthy volunteers were recruited
for breast cell aspiration. Two women were excluded
because of benign palpable lumps. The remaining 47
women (mean age 32 years, range 18 to 52 years) had
regular menstrual cycles of 25 to 35 days and no history
or symptoms of any breast disease. All the women had
normal breasts on clinical examination. Twenty-seven of
the women had previously been pregnant and 23 had
children. Twenty-nine of the women were <35 years old
None of the women had taken any sex steroid—contain-
ing drugs during the last 6 months preceding the study.
Percutaneous fine needle aspiration biopsy was per-
formed during the early follicular phase (days 3 to 5) and
midluteal phase (days 20 to 32) according to cycle
length, corresponding to days 23 to 25 of a 28-day
menstrual cycle. Venous blood samples were drawn the
days of biopsy, and testosterone, sex hormone—binding
globulin (SHBG), insulin-like growth factor 1 (IGF-1),
androstendione, estradiol, progesterone, and prolactin
were analyzed.

Serum concentrations of testosterone were deter-
mined by radioimmunoassay (RIA) after extraction with
diethyl ether with a commercial kit (Testosterone Dou-
ble Antibody) obtained from Diagnostic Products Corp.,
Los Angeles. Serum androstenedione was determined by
RIA after extraction with diethyl ether by a method
developed at our departments.’® SHBG and IGF-1 con-
centrations were determined by RIA with commercial
kits obtained from Eurodiagnostics AB, Malmé, and
Nichols Institute Diagnostics, San Juan Capistrano, Cali-
fornia, respectively. IGF-1 was extracted from serum with
acid ethanol before analysis.

The respective detection limits and intraassay and
interassay coefficients of variation were as follows: testos-
terone, 0.13 nmol/L, 8%, and 10%; androstenedione,
0.6 nmol/L, 6%, and 10%; SHBG, 0.05 nmol/L, 4%, and
8%; IGF-1, 0.6 ug/L, 6%, and 10%.

Estradiol, progesterone, and prolactin were analyzed
by routine hospital methods.

Forty-two of the women underwent aspiration twice
consecutively during the same menstrual cycle, one in
the follicular phase only and four in the luteal phase
only. Of the 46 women with luteal phase aspirates and
blood samples, 28 had hormonally confirmed ovulation
(serum progesterone level >16 nmol/L). The study was
approved by the local ethics committee, and all women
gave their informed consent to participate. Institutional
review board approval was obtained June 11, 1990, and
Feb. 21, 1994 (KS 94-98).

Fine needle aspiration biopsy. Percutaneous fine nee-
dle aspiration biopsy was performed with a needle with
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an outer diameter of 0.6 mm as described by Franzén
and Zajicek."' To produce several identical slides the
aspirated cells were mixed with 0.5 ml of 4% buffered
(pH 7.4) formalin in the same syringe as the procured
cells. Volumes of 110 ml were cytocentrifugated at 700
revolutions/min for 3 minutes, and enriched epithelial
cells were spotted on pretreated glass slides.

Immunocytochemical receptor analysis. The MIB-1
analyses were performed with reagents supplied by Im-
munotech, Marseille. The staining procedure uses an
avidin-biotin peroxidase system, modified for the cyto-
spin technique. The immunocytochemical receptor anal-
ysis stainings were scored and evaluated as previously
described.'? On average, aspirates yielded 400 to 600
cells per slide, and in all cases a minimum of 50 epithelial
cells was scored. We considered samples obtained by fine
needle aspiration to be assessable only if they contained
intact epithelial cells and not free-lying nuclei.

Statistical analysis. Differences were assessed by the
Wilcoxon rank sum tests for paired and unpaired obser-
vations. For correlation analyses Spearman’s rank corre-
lation coefficient was calculated.

Results

Out of a total number of 89 aspirates 72 were evaluable
for MIB-1 content, 34 from the follicular phase and 38
from the luteal phase. The remaining aspirates were non-
evaluable because of low cellularity. The distribution of
MIB-1 values during the menstrual cycle is illustrated in
Fig.1. There was skew distribution of the proportion of
MIB-1-positive cells in the follicular phase. In a majority
of cases (75%) proliferation was <2%. The distribution
of luteal phase values was clearly different with 16 of 38
cases exceeding 2%. The percentage of MIB-1—-positive
cells of all evaluable samples tended to be higher in the
luteal phase (mean 2.04%, median 2%, range 0% to 6%)
than in the follicular phase (mean 1.66%, median 1%,
range 0% to 7%) phase. This difference did not reach
statistical significance. In the 29 women aged <35 years
there were significantly higher MIB-1 values in the luteal
phase (mean 2.29%, median 2%, range 0% to 6%, n =
24) than in the follicular phase (mean 1.13%, median
0.5%, range 0% to 6%, n = 23) (p = 0.003), as shown in
Fig. 2.

Of the 42 women who underwent aspiration twice in
the same menstrual cycle, 25 had evaluable samples from
both phases. In these women (mean age 32 years, range
21 'to 52 years) the mean percentage of MIB-1-positive
cells increased (from mean 1.3%, median 1%, range 0%
t0 7% in the follicular phase to mean 2.1%, median 2%,
range 0% to 6% in the luteal phase) (p = 0.05). Eighteen
women (mean age 32 years, range 25 to 52 years) had two
adequate aspirates and also hormonally confirmed ovu-
lation. Here the follicular phase value was mean 1.3%,
median 0.75%, range 0% to 6% and the luteal phase
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Fig. 1. Distribution of percentage of MIB-1-positive cells in early follicular (n = 34) and luteal (n = 38)

phase of menstrual cycle.
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Fig. 2. Distribution of percentage of MIB-1-positive cellsin early follicular (n = 23) and luteal (n = 24)

phase in women <35 years old.

value was mean 2.4%, median 2.25%, range 0% to 6%)
(p < 0.04, Fig. 3).

A correlation analysis between S€X hormone levels and
proliferation was done for all the serum hormones
analyzed. There was 2 significant positive correlation in

the total material between serum progesterone levels the

day of aspiration and MIB-1 values (7, = 0.23, p < 0.05).
The significance of this correlation was enhanced in
women aged <35 years (r,= 047, p= 0.002) and in the
95 women with two evaluable samples (r, = 035 p <
0.02). In the smaller group of 18 women with confirmed
ovulation the correlation remained significant (r,= 0.34,
p < 0.05).

There were no significant correlations between estra-
diol, prolactin, testosterone, 1GF-1, androstenedione,
SHBG, testosterone/ SHBG ratio, or IGF-1 /SHBG ratio,
on the one hand, and the percentage of MIB-1-positive
cells, on the other. This was true both for the total
material from the two phases and from each phase
separately.

There was 2 trend for 2 positive correlation between
age and follicular phase MIB-1 values for the 34 women
with an adequate aspirate in this phase (r,= 0.28, p =
0.09). There was no correlation between age and luteal
phase MIB-1 values or age and the individual mean
MIB-1 values calculated from the two samples. In the 25
women with two adequate aspirates there was 2 highly
significant positive correlation between age and follicular
phase MIB-1 values (r, = 051, p= 0.01).

Comment

To our knowledge this is the first report on prolifera-
tion assessed by fine needle aspiration biopsies from
normal breasts of healthy women. This was accomplished
by the introduction of the MIB-1 antibody in combina-
tion with the cytospin technique, which uses the aspi-
rated cells more effectively than the conventional smear
technique.

An increased proliferation in the luteal phase was
clearly demonstrated in women aged 21 to 52 years with
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Fig. 3. Change in percentage of MIB-1-positive cells in follicu-
lar and luteal phase in women (n = 18) with two consecutive
fine needle aspiration biopsies in same menstrual cycle and with
hormonally confirmed ovulation.

two evaluable samples in the same menstrual cycle and
also in those with a hormonally confirmed ovulation. In
the total material, when all single samples were included,
there was a higher proliferatiori in the luteal phase,
which was significant in women <35 years old. This is in
line with most previous in vivo studies on tissue material
from reduction mammoplasties and near fibroadeno-
mas.> 7 The increase in mitotic activity during the luteal
phase suggests a proliferative action of progesterone.
Progesterone has previously been reported to either
increase, decrease, or have no effect on mitotic activity
and proliferation in breast epithelial cells. To what
extent addition of progestogen affects proliferation and
cancer risk during hormone replacement therapy is
highly controversial.

Our data show a significant positive correlation be-
tween proliferation and serum progesterone level re-
corded the day of aspiration. The correlation was appar-
ent for the total material, also including single samples,
and further enhanced in women <35 years old and in
those with two successful aspirates during the same
menstrual cycle.

Recent data from an experimental in vivo model for
hormone replacement therapy render further support
for a proliferative action of progestogens. In surgically
postmenopausal Cynomolgus macaques, combined estro-
gen-progestogen treatment caused more proliferation
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and hyperplasia than treatment with estrogen alone.!®
These primates, unlike rodents, have a cytokeratin sub-
type reactivity similar to that of humans, a 28-day men-
strual cycle, and hormonally defined follicular and luteal
phases.

An important question for the interpretation of fine
needle aspiration data is the possibilty of regional differ-
ences in breast epithelial proliferation. For obvious rea-
sons studies on this issue are difficult to perform on
normal breast tissue from healthy women. However, in
the mammary gland of surgically postmenopausal ma-
caques we found no differences in proliferative activity
between alveolar and ductal structures.'® Furthermore,
we investigated proliferation in 10 different locations of
the macaque breast and found no significant differences
between quadrants or by distance from the nipple (un-
published data).

Whereas estrogens are clearly mitogenic for breast
epithelial cells, the effects of progestogens are more
complex. In the endometrium progestogens inhibit es-
trogen-induced cell cycle progression early in the G,
phase, whereas in the breast progestogens may both
stimulate and inhibit proliferation.'* '?

A direct proliferative effect of progestogens on breast
cancer cell lines has been observed in many recent in
vitro studies when phenol red-free media are used.** '
However, when the same contraceptive progestogens
that induced proliferation in breast cancer cell lines were
used in an estrogen-dependent DMBA rat breast cancer
model, these progestogens hampered tumor progres-
sion.? Both this group? and Jeng et al’® found that
antiestrogen but not antiprogestogen counteracted the
proliferative effect of progestogens on breast cancer cell
lines. The latter authors also showed that the prolifera-
tive effect of progestogen was mediated through the
estrogen receptor and not the progesterone receptor by
using cells transfected with a CAT reporter gene contain-
ing an estrogen response element. Reports of different
isoforms of the progesterone receptor and observations
that several growth factors (e.g., JGF-1, bovine fibroblast
growth factor, and epidermal growth factor) may also, in
the absence of sex steroids, initiate cell cycle progression
further complicates the picture.'*!>!7 Pretreatment
with progesterone was found to reduce breast epithelial
cell proliferation in women undergoing breast surgery.'®
However, the tissue concentrations of estradiol and pro-
gesterone in that study markedly exceeded the physio-
logic range.!® Also in human breast xenografts in athy-
mic nude mice estradiol but not progesterone increased
proliferation.2’ Tentatively this discrepant finding could
be related to - differences in paracrine and hormonal
influence. Adjacent fat tissue is important for the in vivo
regulation of breast proliferation.®! ** Tissue estrogen
receptor content was remarkably low and not affected by
progesterone treatment.
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We previously demonstrated that progesterone recep-
tors in the breast, in contrast to the endometrium, are
maintained and expressed at high levels during the luteal
phase.?® According to experiments in the rat, progesto-
gens, acting via estrogen-dependent progesterone recep-
tor, could promote breast epithetial cell prolifera\tion.24
Furthermore, thymidine kinase, an enzyme of the nucle-
otide synthesis considered to be an important marker of
cell growth, is stimulated at physiologic progesterone
concentrations.? Insulin receptor content and insulin
stimulation of cell growth also are enhanced by proges-
togens in human breast cancer cell lines.* These data
indicate a direct stimulating action of progestogens on
the breast. In the macaque study long-term estrogen-
progestogen treatment induced marked proliferation
despite down-regulation of both estrogen and progester-
one receptors.'® -

Several other hormones including estradiol, andro-
gens, prolactin, SHBG, and IGF-1 have been reported to
influence proliferation and cancer risk.2 % 2 In the cur-
rent study none of the serum concentrations of these
factors displayed any significant correlation with prolif-
eration. It is possible that more frequent blood sampling
throughout the cycle had revealed other correlations.

Interestingly, there was 2 significant positive correla-
tion between age and follicular phase proliferation rate.
This is in contrast to the data from Anderson et al.,> who
found a lower proliferation rate with increased age, but
they did not analyze cycle phases separately. In four
individual women >35 years old we found a remarkably
high proliferation rate (4% to 7%) during the follicular
phase. In three of these women with 2 successful second
aspiration, proliferation was suppressed during the luteal
phase (0% to 3%). Thus these women apparently dif-
fered from the rest of the study group. However, there
was no sign of hormonal or breast abnormality in these
women. Further studies of the possible existence of 2
subgroup with diverging regulation of proliferation are
clearly indicated.

In conclusion, the fine needle aspiration biopsy tech-
nique is a valuable tool for in vivo studies of cell
proliferation in the normal breast. Basic understanding
of breast proliferation and response (o S€X steroids is
crucial for the interpretation of conflicting epidemio-
logic data regarding cancer risk and hormone treatment.
We found a higher proliferation during the luteal phase
and a positive correlation with serur progesterone lev-
els. Data clearly suggest a proliferative action of proges-
terone. Studies of women on a regimen of oral contracep-
tives or hormone replacement therapy are in progress.

We gratefully acknowledge the efforts of Tuula EXIof,
Torsten Higerstrom, Birgitta Bystrom, Eva Segersten, Siv
Rydés, Ulrika Olsson, and Mia Karlsson.
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