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Summary

Since cell proliferation is indispensable for the growth and development of the breast, and estrogens are considered to
play a major role in promoting cell proliferation, while progesterone influences its differentiation, the present work
was designed with the purpose of verifying the relationship between cells containing steroid hormone receptors and
proliferating cells in the normal human breast. Twelve breast samples were analyzed for their content of lobules type
1 (Lobl), Lob2, Lob3, and Lob4, and the number of cells containing estrogen receptor alphd, (i#Bgesterone
receptor (PgR), or expressing Ki67 antibody was determined by double immunocytochemical technique with specific
antibodies. The highest percentage of &RPgR, and Ki67 positive cells was found in Lob1, with a progressive
reduction in the more differentiated Lob2 and Lob3. &ERnd PgR positive cells were found exclusively in the
breast epithelium and were negative for Ki67, while cells positive for Ki67 did not express receptors. These findings
were compared with the distribution of ElRRand PgR in the autoradiographs of mammary gland of young virgin

rats inoculated witfH-thymidine for determination of the DNA labeling index (DNA-LI). Both the DNA-LI and

the percentage of ER-and PgR positive cells were maximal in the epithelium of terminal end buds, and these
values were reduced in alveolar buds and lobulescERd PgR positive cells did not proliferate, and those cells

that had incorporatetH-thymidine were negative for both receptors. Our results led us to conclude that the content

of ER-« and PgR in the normal mammary tissue varies with the degree of lobular development, in parallel with cell
proliferation. However, the expression of receptors occurs in cells other than the proliferating cells, indicating that
they represent at least two separate cell populations. These findings open new avenues towards the understanding
of the mechanisms through which estrogens and progesterone affect the proliferative activity of breast epithelial
cells, and their role in the initiation of the cascade of events that leads a normal cell to cancer.

Introduction the serum [13, 25]. Unfortunately, none of these mech-

anisms has been precisely defined with regard to their
Even though the breast is influenced by a myriad role in the normal development and differentiation of
of hormones and growth factors [1-9], estrogens are the breast, or the initiation and progression of the neo-
considered to play a major role in promoting the pro- plastic process. This picture was complex enough until
liferation of both the normal and the neoplastic breast recently, when only a single type of estrogen receptor
epithelium [10-16]. The influence of estrogens on the (ER)was known to exist as the mediator of the genomic
proliferative activity of mammary epithelial cells has effects of this hormone in specific target tissues. The
been traditionally considered to be mediated by at least recent cloning of a gene encoding a second type of ER,
three different mechanisms: a receptor-mediated [11, the ER8, from the mouse, rat, and humans, with an
17-24], an autocrine/paracrine loop [15, 16], or a neg- affinity for estradiol similar to that of the classical ER
ative feedback, according to which estrogens remove (now identified as ERy), has prompted a reevaluation
the effect of one or several inhibitor factors present in of the estrogen signaling system [26—28].

* This work was supported by PHS grants NIEHS-ESO 7280.
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Cell proliferation is indispensable for the nor- identified and compared with those containing &R-
mal growth and development of the breast. The fact and PgR.
that the normal epithelium contains receptors for
both estrogen and progesterone lends support to the
receptor-mediated mechanism as a major player in the materials and methods
hormonal regulation of breast development. The role
of these hormones on the proliferative activity of the  {yman breast tissue procurement and processing
breast has been for a long time, and still is, the sub-
ject of heated controversies. The breast epithelium of Normal breast tissues were obtained from reduction
sexually mature normally cycling women does not ex- mammoplasty specimens from 12 sexually mature
hibit maximal proliferation during the follicular phase women who were premenopausal, ranging in age from
of the menstrual cycle [5-9, 29-34], when estrogens 17 to 39 years, all of whom were regularly cycling.
reach peak levels of 200-300 pg/ml and progesterone An average of 100 g of tissue was collected from every
is less than 1 ng/ml [35]. Maximal proliferative activ-  specimen, fixed in 10% neutral buffered formalin for a
ity occurs during the luteal phase, when progesterone minimum of 24 h, embedded in paraffin, sectioned at
reaches levels of 10-20 ng/ml and estrogen levels are5;m thickness, and processed for light microscopic
2-3-fold lower than during the follicular phase [35]. In  examination and immunocytochemical detection of
breast cells growim vitro, or when breast tissues are  cell proliferation, ERe, and PgR, utilizing the cor-
implanted in athymic nude mice, however, estrogens responding antibodies described below. All the breast
stimulate cell proliferation and progesterone has no samples were examined histologically for verifying the
effect, or even inhibits cell growth [14, 17, 33, 34]. absence of mammary pathology and for quantitation of

Our studies of the proliferative activity of the mam-  quctal and lobular structures.
mary epithelium in both rodents and humans have
demonstrated cell division varies with the degree of Rat mammary glands
differentiation of the mammary parenchyma [1-4, 10,
36-38]. In humans the highest level of cell prolifer- Mammary tissue was obtained from virgin Sprague
ation is observed in the undifferentiated lobules type Dawley rats obtained from Taconic Farm (New York,
1 (Lob1l) present in the breast of young nulliparous NY). The rats were housed three to a cage in an en-
females [1-4, 10]. The progressive differentiation of vironmentally controlled clean air room with a 12h
Lobl into Lob2 and Lob3, occurring under the hor- light/12 h darkness cycle. They were fed Purina Cer-
monal influences of the menstrual cycle, and the full tified Rodent Chow 5002 pellets and tap waget
differentiation into Lob4 during pregnancy, result in  |ibitum. When the animals reached the age of 55 days
a concomitant reduction in the proliferative activity they received an intraperitoneal injection qi.6i 3H-
of the mammary epithelium [1-4, 37]. The relation- thymidine/g body weightiH-thymidine specific activ-
ship of lobular differentiation and cell proliferation ity 86.0 .Ci/g) (Covance Laboratories, Vienna, VA).
with the hormone responsiveness of the mammary The animals were sacrificed 1 h later, and the mammary
epithelium is just beginning to be unraveled. Of in- glands were dissected, fixed in 10% neutral buffered
terest is the fact that the content of BRand pro- formalin, and processed for ||ght microscopy, im-

gesterone receptors (PgR) in the lobular structures of munocytochemistry, and autoradiography as described
the breast is directly proportional to the rate of cell e|sewhere [36].

proliferation, being maximal in the undifferentiated

Lobl, and decreasing progressively in Lob2, Lob3, antibodies

and Lob4 [12-16]. The present work was designed

with the purpose of testing whether those cells ex- The ERe was detected in human breast tissues uti-
pressing either ER- or PgR were those responding lizing a mouse monoclonal antibody (clone ER1D5)
with proliferation, supporting the postulated receptor- (Amac Lab, Westbrook, ME) at 1:400 dilution. For the
mediated mechanism of cell growth stimulation. For rat mammary gland a rabbit antibody raised against
these purposes we analyzed normal human breasta synthetic peptide coupled to KLH, that recognized
tissues utilizing a double staining procedure for iden- both human and rodent ER (Zymed Laboratories, San
tifying simultaneously ERx or PgR positive cells and  Francisco, CA), was utilized. Since the ER antibod-
proliferating cells, and compared these findings with ies utilized detected only ER; and only these were
results obtained from the rat mammary gland in which tested throughout the experiments, the term ER utilized
cells synthesizing DNA were autoradiographically in the remainder of the manuscript refers exclusively
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to ER«. PgR was detected in both human and rat Double labeling for Ki67 and ER or PgR

mammary tissue with the mouse monoclonal anti-

body clone PR10A9 (Immunotech, Westbrook, ME) For the simultaneous identification of proliferating and
at a 1:100 dilution. Cell proliferation was determined steroid receptor positive cells, the tissue sections were
utilizing Ki67, a mouse monoclonal antibody raised initially processed as described above for single an-
against a human recombinant peptide correspondingtibody detection, and then incubated first with Ki67
to a 1002 bp Ki-67 cDNA fragment [39] (Oncogene antibody at a dilution of 1:50. After overnight incu-

Science, Cambridge, MA). bation at 4C the sections were washed in PBS for
10 min, followed by incubation at room temperature
Immunocytochemical procedures with biotinylated horse anti-mouse secondary antibody

for 30 min. The sections were then rinsed twice in
Sections of paraffin-embedded tissues were mountedbuffer, incubated with Vectastain Elite ABC-kit for
on aminoalkylsilane-coated slides, deparaffinized, re- 30 min, and washed in PBS for 10 min, followed by
hydrated, and incubated with 2% hydrogen peroxide DAB staining for 2 min. After washing twice in buffer
at room temperature for 15 min for quenching endoge- the staining for the second antibody was initiated. It
nous peroxidase activity. The sections were sequen-was preceded by treatment for antigen retrieval, fol-
tially incubated in two changes of Antigen Retrieval lowed by incubation with either monoclonal mouse
SolutionCitra (Biogenex, San Ramon, CA) at 98 for anti human ER and PgR antibody overnight aC4
5 min each, diluted normal blocking serum for 20 min, For PgR determination the slides were pretreated with
and then with the corresponding primary antibody. For 0.02% trypsin for 10 min, washed with PBS for 10 min,
PgR immunocytochemistry, slides were incubated in and then incubated with biotinylated horse anti-mouse
0.02% trypsin for 10 min prior to the incubation with  antibody for 30 min at room temperature, washed twice
the primary antibody. Incubation with primary anti- in PBS, and incubated with Vectastain ABC alkaline
bodies was carried out in a humidity chamber &4  phosphatase (AP) kit for 30 min at room temperature.
overnight, followed by a buffer wash. Human breast The slides were then washed twice in PBS, incubated
sections immunoreacted for ER, PgR, and Ki67, and with AP substrate kit-vector red for 1 h, followed with
rat PgR were incubated with horse anti-mouse biotiny- sequential washes in PBS and tap water, and coun-
lated secondary antibody. For ER, rat tissues were terstained with hematoxylin. The level of specificity
incubated with goat anti-rabbit biotinylated secondary of these reactions was assessed by comparing the re-
antibody (Vector Laboratories, Burlingame, CA). The actions observed in these double-labeled slides with
reaction proceeded at room temperature for 30 min. serially obtained tissue sections individually reacted
After a buffer rinse the slides were incubated for 30 min for Ki67, ER, or PgR. An additional control was made
with Vectastain Elite ABC kit for mouse or rabbit, by reversing the order of the antibodies, incubating
as indicated (Vector Laboratories, Burlingame, CA), the sections first with the antibody against ER or PgR,
washed in PBS buffer, and incubated in peroxidase followed by Ki67 antibody.
substrate solution containing hydrogen peroxide and
3,3-diaminobenzidine-HCI for 2 min. Sections incu- Double labeling for ER and PgR
bated with non-immune serum were used as negative
controls. All sections were lightly counterstained with In order to verify whether the cells containing ER were
hematoxylin. Immunostaining was evaluated by exam- also positive for PgR, a double labeling procedure was
ination of slides under a bright field microscope, and applied to breast tissue section. The procedure was
graded according to the intensity of the brown reac- identical to that described above, but instead of incu-
tion as negativeé—), weakly (+), moderately(++), bating the slides with Ki67 first they were reacted with
or strongly (+ + +) positive. In sections incubated ER antibody, followed by PgR antibody.
with Ki67 antibody, cells exhibiting a positive reaction
in the outer part of the nucleolus and in the granular Autoradiography-immunocytochemistry procedure
component of the nucleus were interpreted to be in the
S—, G1—, Gy—, or M-phases of the cell cycle. The Paraffin sections of rat mammary tissues were deparaf-
numbers of cells expressing the nuclear antigen Ki67 finized in xylene, rehydrated in decreasing concentra-
were counted and tabulated according to their location tions of ethanol, and coated with NTB2 nuclear track
in Lobl, Lob2, Lob3, or Lob4. Results were expressed emulsion (Eastman Kodak, Rochester, NY). The sec-
as the percentage of positive cells over the total number tions were drained by gravity, allowed to dry, and then
of cells counted in each lobular type. stored in dark boxes for two weeks. Autoradiography
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was developed in the dark with Microdol X, fixed and

then incubated with the ER or PgR antibodies, com-
pleting the immunocytochemical reaction as described
above. Epithelial cells synthesizing DNA contained

silver grains in the nucleus, and those ER or PgR posi-
tive exhibited a brown nuclear reaction. Their number,
as well as the number of cells lacking both types of
reactions, were counted in ducts, TEB, and lobules.
Results were expressed as DNA Labeling Index (DNA-
LI), or percentage of cells containing nuclear silver

grains over the total number of cells counted in each
type of structure, and the percentage of cells positive
for each one of the steroid receptors, either singly or in
combination. The relationship between cells positive
by autoradiography and those positive for ER or PgR
was photographically recorded utilizing an Olympus

BH-2 bright field microscope with camera attachment.

Results

[ 1ER
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ER+Ki67
E== PgR+Ki67
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Figure 1. Percentage of cells positive for estrogen receptor (ER),
progesterone receptor (PgR), Ki67, and of cells positive for both
ER and Ki67 (ER + Ki67), or PgR and Ki67(PgR+ Ki67)

(ordinate). Cells were quantitated in lobules type 1 (Lob1), type 2

The architectural pattern of all the breast samples was (Lob2), and type 3 (Lob3) of the breast (abscissa).

evaluated in tissue sections stained with hematoxylin
and eosin. Normal tissues were analyzed for their con-
tent of Lobl, Lob2, Lob3, and Lob4, which were
classified according to previously established criteria
[2, 37]. Briefly, the size, morphological characteris-
tics, and number of ductules comprising each lobular
unit were the criteria applied for classifying the lobules

interlobular stroma. The same pattern of reactivity was
observed in tissue sections incubated with the ER and
PgR antibodies. Positive cells were found exclusively
in the epithelium, with Lobl containing the high-

est number of positive cells. Their number decreased

present in each breast sample. The breast tissues of thgprogressively in Lob2 and Lob3 (Figure 1, Table 1).

12 donors contained Lob1 (Figures 1, 2a—f), in which
a total of 19,339 cells were counted (Table 1). Four of

The use of the double staining procedure for Ki67
and ER or PgR allowed us to quantitate and to deter-

the breast samples studied were composed exclusively

of Lob1. Five of the samples contained Lob2, and three
of the samples contained Lob3 in addition to Lob1. In

these samples a total of 8,490 and 17,750 cells were

counted, respectively (Table 1). None of the breast
tissues studied contained Lob4.

Distribution of proliferating cells in relation to steroid
receptor positive cells in breast tissues

Cell proliferation was detected in sections incubated
with Ki67 antibody. The quantification of cells exhibit-
ing a brown nuclear reaction characteristic of DAB
stain, or cycling cells, revealed that the highest per-
centage of positive cells was found in Lob1 (Figure 1,
Table 1). Cell proliferation was reduced by three-fold
in Lob2, and by more than ten-fold in Lob3 (Fig-
ures 1, 2a,b; Table 1). The proliferating cells were
almost exclusively found in the epithelium lining ducts
and lobules, while only occasional positive cells were
found in the myoepithelium, or in the intralobular and

Figure 2. (a—f) Lob1 ductules of the human breast: (a) the sin-
gle-layered epithelium lining the ductule contains Ki67 positive
cells (brown nuclei), and ER positive cells (red-purple nuclei)
(x40); (b) the single-layered epithelium lining the ductule con-
tains brown Ki67 positive cells, and red-purple PgR positive cells.
The specificity of the reaction was verified by inverting the order
of the stains; (c) and (d) ER positive cells, brown, Ki67 positive
cells, purple red; (e) brown nuclei of PgR positive cells, and
a Ki67 positive cell in mitosis appears stained purple red; (f)
sections doubly stained for ER (brown) and PgR (red-purple).
Most of the cells exhibit a simultaneous positive reaction for both
antibodies, the overlap of the colors results in a reddish-brown
nuclear discoloration in cells positive for both ER and PgR. Sec-
tions were stained with DAB/alkaline phosphatase-vector red,
with light hematoxylin counterstain, and photographed at x40.
(9) and (h) Rat mammary gland autoradiography, immunoreacted
with ER (g) and PgR (h) antibodies: (g) Lob1 ductules. The black
stippling of silver grains indicate¥-thymidine incorporation (S
phase), the brown nuclear reaction ER positive cells; (h) multilay-
ered epithelium of a terminal end bud (TEB) containing cells in
the S phase of the cycle (stippled nuclei) and the brown reaction
of PgR positive cells (DAB-Hematoxylin) (x40).
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Figure 2.
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Table 1. Distribution of Ki67, ER, and PgR positive cells in the lobular structures of the human breast

Lobule type  No. cells Ki67 ER PgR Ki6F ER Ki67+ PgR
Lob1 19,338 472+ 1.00%® 7464288 5704+1.36¢ 048+028" 0.0940.01°
Lob2 8,490 1.58+ 0.45f 3.83+244 0734057 031+021 02840.27
Lob3 17,756 040+£0.189  076+0.04 009+004™ 0.01+001 001+£001

8Total number of cells counted in Lob1 in breast tissue samples of 12 donors.

bTotal number of cells counted in Lob2 in breast tissue samples of five donors.

®Total number of cells counted in Lob3 in breast tissue samples of three donors.

dproliferative activity determined by the percentage cells Ki67 positive, expressed as the-i88amifferences
were significative irffLob1 vs.fLob2 (¢ = 1.98, p < 0.05), fLob2 vs.9Lob3 (r = 2.27, p < 0.04), and®Lob1 vs.

9Lob3(r = 2.56, p < 0.01). ER positive cells were significantly differentlhob1 vsiLob3(r = 2.04, p < 0.05).

PgR positive cells were significantly differentfibobl vs.'Lob2 (+ = 2.27, p < 0.05), and*Lob1 vs.MLob3

(t =2.60, p < 0.03).

"Percentage of cells positive for both Ki67 and ER, expressed as the-m8an

OPercentage of cells positive for both Ki67 and PgR, expressed as thedn@n

Table 2. Distribution of cells synthesizing DNA (DNA-LI) and of cells positive for ER and PgR in the rat mammary gland

Type of No. cells  DNA-LI ER PgR DNA-LH-ER  DNA-LI + Pg
structure
TEB 7,092 2031+ 1.09 17214735 4335+961" 1.01+0.23 3.31+0.55

AB + lobules  5,86% 3.26+ 0.688 12404+ 552X 3981+7.15 043+£0.13  0.1440.05M

aTotal number of cells counted in terminal end buds (TEB) in the mammary gland of six virgin rats.

bTotal number of cells counted in alveolar buds (AB) and lobules in the mammary gland of six virgin rats.
CProliferative activity, expressed as the percentage cells incorporttirtgymidine, or DNA labeling index (DNA-LI),
expressed as the me&rSD. The DNA-LI was significantly higher iiTEB vs.®AB -+ lobules(r = 13.64, p < 0.000003.

The percentage of ER positive cells was significantly lower than the percentage of PgR positive cells in TEBs (f vs. h)
(t =11.77, p < 0.00000, and in AB+ lobules (g vs. i)(t = 13.27, p < 0.000000.

ER positive cells were significantly higher in TEB than in ABlobules (f vs. g)(t = 2.26, p < 0.02). The percentage
of PgR positive cells in TER") was not significantly different from that in AB- lobules('). The percentage of cells
doubly positive for3H-thymidine incorporation and ER did not differ significantly in TEB and AB + lobules (¥).
The percentage of cells doubly positive fi-thymidine incorporation and PgR was significantly higher in TEB than in
AB + lobules (1 vs. m)r = 5.07, p < 0.000003.

mine in the same tissue sections the spatial relationshipcells as the lobular differentiation progressed, those
between those cells that were proliferating and those cells positive for Ki67 were not the same that reacted
that reacted with the ER or PgR antibody, appearing positively for ER or PgR (Figures 2a,b; Table 1). Very
purple-red in color due to the alkaline phosphatase- few cells, less than 0.5% in Lob1, and even fewer in
vector red staining (Figures 2a—e). The number of cells Lob2 and Lob3, appeared positive for both Ki67 and
that expressed ER and/or PgR was similar to that of ER (Ki67 + ER) (Table 1). This double reactivity was
cells positive for Ki67, and the highest percentage of identified by the darker staining of the nuclei, which
positive cells was also observed in Lob1 for both steroid appeared dark purple-brown. The percentage of cells
hormones. The percentage of ER and PgR positive cellsexhibiting double labeling with Ki67 and PgR antibod-
in Lob1 did not differ significantly, 7.5% and 5.7%, re- ies(Ki67 + PgR (Table 1) in Lob1 was lower than the
spectively (Figure 2f, Table 1). In Lob2 the percentage percentage of double labeled ER positive cells. There
of ER and PgR positive cells was reduced to 3.8% and was a slight increase in Lob2, decreasing in Lob3, the
0.7%, respectively, and in Lob3 their number became percentages being quite similar to those observed in
negligible (Table 1). Of interest was the observation Ki67 + ER labeled cells (Table 1).

that even though there were similarities in the relative When the sequence in which the antibodies were
percentages of Ki67, ER, and PgR positive cells, and in incubated was reversed, and ER or PgR incubation
the progressive reduction in the percentage of positive preceded the Ki67 reaction, the color of the reactions
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Figure 3. Histogram showing the percentage of cells posi-
tive for ER, 3H-thymidine incorgoration during DNA synthesis
(3H-thy.), Double-labeled (ER-3 H-thy.), PgR, and double la-
beled (PgR+-3H-thy.) (ordinate). Cells were counted in TEB and
AB + lobules (abscissa).

changed, with ER (Figures 2c,d) and PgR (Figure 2e)
appearing brown, and Ki67 purple-red. Nevertheless,
the percentages of cells positive for each one of the anti-

bodies and their distribution did not change, confirming
the results previously reported.

The double staining reaction incubating tissue sec-

tions with ER first, followed by PgR antibody, revealed
that the nuclei of the epithelial cells positive for these

receptors exhibited a dark brown-purple discoloration

due to an overlap of the brown color of DAB and the
purple-red of vector red, indicative of a simultaneous

reaction with both steroid hormone receptor antibodies

(Figure 2f). The number of positive cells was simi-
lar to the values obtained when quantifying a single

receptor (Table 1). Occasional cells stained a lighter

brown or a brighter purple-red, indicating that there
were some cells containing only ER or PgR. Their
number, however, was negligible.

Cell proliferation and ER and PgR content in the rat
mammary gland

The mammary gland of the young virgin rats was
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Figure 2g). Proliferating cells were also detected in the
stroma, but they were fewer in number, and they were
not included in this analysis.

ER and PgR positive cells were detected only in the
epithelium lining TEB, AB, ducts or lobules, but no
positive cells were found in the stroma. The detection
of ER and PgR in the epithelium of TEB, AB, and
lobules (Figures 2g, h) revealed that the number of
cells positive for both receptors varied with the type of
structure considered. TEB contained the highest per-
centage of both ER and PgR positive cells, and both
the values were reduced in AB and lobules. In contrast
to what was observed in the human breast, however, the
number of PgR positive cells was significantly higher
than the number of ER positive cells in the correspond-
ing structures (Table 2; Figure 3). It was clear that
the immunocytochemical reaction with each one of
the hormone receptor antibodies was positive in cells
that lacked the stippling of the silver grains, whereas
those cells that had incorporatéd-thymidine had a
sharp black stippling over the pale blue counterstain of
hematoxylin, but were negative for both ER and PgR
(Figures 2g,h and 3). In TEB the ratio of ER positive
and3H-thymidine labeled cells was roughly 1:1, while
in AB and lobules it was 4:1. In all types of structures,
however, the labeled cells were juxtaposed to the ER
positive cells (Figure 2g). The ratio of PgR positive and
3H-thymidine labeled cells was 2:1 and 10:1 in TEB
and AB+ lobules, respectively (Table 2, Figure 2h).
PgR positive cells formed clusters surrounding isolated
3H-thymidine labeled cells (Figure 2h).

Discussion

Results reported here indicate that the content of ER
and PgR in the normal breast tissue, as detected
immunocytochemically, varies with the degree of lob-
ular development, in a linear relationship with the
rate of cell proliferation of the same structures. The
utilization of a double labeling immunocytochemical
technique for staining in the same tissue section of
steroid hormone receptors and proliferating cells, i.e.
Ki67 positive, allowed us to determine that the ex-
pression of the receptors occurs in cells other than the
proliferating cells, confirming results reported by other

composed of a ductal system ending in club-shaped authors [32]. Results obtained by performing immuno-

terminal end buds (TEB) or primitive ductular, alveolar
buds (AB) and lobular structures (Figures 2g,h; Ta-
ble 2). The epithelium lining the TEB was multilayered,
exhibiting an active incorporation éH-thymidine in
more than 20% of the cells (Figure 2h). The DNA-
LI was markedly lower in AB and lobules (Table 2,

cytochemical stains for ER, PgR, and Ki67 in human
breast tissues were compared &isis with thein vivo
incorporation oPH-thymidine into cells that were syn-
thesizing DNA in the mammary glands of virgin rats.
The analysis of the mammary glands of young virgin
Sprague-Dawley rats confirmed previous findings on
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Figure 4. Schematic representation of the postulated pathways of estrogen actions on breast epithelial cells. Cells expressing three different
phenotypes might be present in the epithelium: estrogen receptor (ER) negative Ki67 positive cells that are capable of proliferating, ER
positive cells that do not proliferate, and a small proportion of ER and Ki67 positive cells. Estrogen might stimulate ER positive cells

to produce a growth factor that in turn stimulates neighboring ER negative cells capable of proliferatird<iBR positive cells can
proliferate and could be stimulated by estrogen to originate ER positive daughter cells or probably tumors. ER negative cells may convert
to ER positive cells during neoplastic transformation.

the greater proliferative activity of TEBs [36]. It also ER positive cells that stimulate the growth of ER neg-
revealed that the TEBs, ABs, and lobules of the virgin ative cell lines in culture. The same phenomenon has
rat mammary gland contain receptors for both estrogen been showrin vivo in nude mice bearing ER negative
and progesterone, and that the number of cells positive breast tumor xenografts [41, 42]. ER positive cells
for both receptors was higher in the epithelium of TEB, treated with antiestrogens secrete T@Ehat inhibits
progressively declining in the more differentiated AB the proliferation of ER negative cells [21].
and lobules. The higher concentration of ER and PgR  Our studies have shown that the proliferative activ-
in the immature mammary gland of rodents and other ity and the percentage of ER and PgR positive cells are
species has been reported by other authors [40]. Similarhighest in Lob1 in comparison with the various lobular
to what has been observed in humans, the rat mammarystructures composing the normal breast. These find-
gland contains steroid hormone receptor positive cells ings provide a mechanistic explanation for the higher
only in the ductal and lobular epithelium, but no pos- susceptibility of these structures to be transformed by
itive cells were found in the stroma. These findings chemical carcinogenis vitro [43, 44], supporting as
contrast with results obtained by cytosolic determina- well the observations that Lobl are the site of origin
tion that reported that a high percentage of receptors of ductal carcinomas [45]. However, the relationship
were located in the mammary stroma [40]. between ER positive and ER negative breast cancers
The findings that proliferating cells are different is not clear [46, 47]. It has been suggested either that
from those that are ER and PgR positive support data ER negative breast cancers result from the loss of the
that indicate that estrogen controls cell proliferation ability of the cells to synthesize ER during clinical
by an indirect mechanism. This phenomenon has beenevolution of ER positive cancers, or that are ER posi-
demonstrated using supernatants of estrogen-treatedive and ER negative cancers are different entities [46,
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48]. Our data allowed us to postulate that Lobl con- to alternative second messenger signaling mechanisms
tain at least three cell types, ER positive cells that do [59, 60] is also operational, and may stimulate the
not proliferate, ER negative cells that are capable of cascade of events leading to cell proliferation. This
proliferating, and a small proportion of ER positive knowledge suggests that ER(nhegative cells found in
cells that can proliferate as well (Figure 4). Therefore, the human breast may respond to estrogens through this
estrogen might stimulate ER positive cells to produce or other pathways. Although more studies need to be
a growth factor that in turn stimulates neighboring ER done in this direction, it is clear that the findings that in
negative cells capable of proliferating (Figure 4). In the normal breast the proliferating and steroid hormone
the same fashion, the small proportion of cells that are receptor positive cells are different open new possi-
ER positive and can proliferate could be the source of bilities for clarifying the mechanisms through which
ER positive tumors. The possibility exists, as well, that estrogens might act on the proliferating cells to initiate
the ER negative cells convert to ER positive cells. The the cascade of events leading to cancer.

conversion of ER negative to ER positive cells has been
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