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SUMMARY

Human mammary gland explants obtained (as far from the
lesion as possible) from female patients who had undergone
surgical biopsy for fibroadenoma of the breast were organ
cultured in a chemically defined medium, and their hormone
requirement for growth and differentiation was studied. Most
of the expiants that were cultured in hormone-free medium
survived, while the addition of insulin gave full maintenance.
Ovine prolactin (at a level of 0.2 jug/ml) plus insulin induced
epithelial cell growth. The addition of bovine growth hormone
to insulin and prolactin magnified their effect on the
epithelium. Both estradiol alone (at a dose of 0.001 Mg/ml)
and progesterone alone (at a dose of 1 Mg/ml) produced
complete maintenance and lobuloalveolar development. The
alveoli obtained with progesterone were small and empty,
while those obtained with estradiol were larger and had
secretion in their lumina. The addition of insulin, prolactin,
growth hormone, and aldosterone to estradiol and pro
gesterone (either alone or together) enhanced their action,
giving alveoli with large, dark, oriented cells.

This procedure could be useful to a study of the action of
hormones on the human mammary gland, as well as to an
assessment of the effect on it that carcinogens and/or
chemotherapeutic agents have, especially during induced
phases of high proliferation of the mammary gland such as
those created by estradiol and progesterone (as in this study).

INTRODUCTION

Organ culture permits the study of the action of one or
several hormones on their target tissue in an isolated and
controlled fashion. This technique applied to the study of
mammogenesis and lactogenesis in vitro has permitted the
elucidation of the role played by different hormones in
inducing these processes in several species (5). However, only a
few studies have been dedicated to the culture of either tissue
expiants (2, 3, 15) or isolated cells (14, 18) of the human
mammary gland. In these organ culture studies, serum-
supplemented media were used, i.e., human male serum was
used in 2 cases (3, 15) and umbilical cord serum was used in
the 1st (2). In 1 case (3), the tissue survived in serum-free
medium.
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This paper presents further evidence that human mammary
gland expiants can be organ cultured in a chemically defined
medium and that mammogenesis and secretion can be induced
in the expiants by the addition of appropriate hormones or
combinations of hormones to the medium.

MATERIALS AND METHODS

Human mammary gland tissue was obtained, as far from the
lesion as possible, from 15 nulliparous, normal-cycling females
who had undergone surgical biopsy. Tissues were obtained
only from patients with lesions diagnosed as fibroadenoma.
Care was taken not to use any patients who had received
hormonal treatment, including anticonceptional hormones.
Ages ranged from 20 to 47 years, with a mean of 37.5 years.

Immediately after biopsy, the tissue sample was immersed
in culture medium and sectioned, with the aid of 2 scalpels,
into expiants 2 mm in diameter. A few expiants were then
fixed in Bouin's fixative for preculture controls and the rest

were organ cultured according to the technique described by
Ichinose and Nandi (9). Three expiants were placed in each
culture dish.

Eight-tenths ml of Waymouth's medium (10 X.glutamine

and sodium bicarbonate free, diluted in double-distilled water,
with missing components added; Grand Island Biological Co.,
Berkeley, Calif.) were added to each culture dish. Then the
dishes with the expiants were introduced into a humidified
atmosphere of 5% C02 and 95% 02. The medium was changed
after 72 hr, and the experiment was terminated after 5 days.
At that time the expiants were fixed in Bouin's fixative,

embedded in paraffin, sectioned at 5 Â¿mi,and stained with
hemalum-phloxine-safranin. Because of the variation among
different biopsies, comparisons were always made between
tissues from the same source, i.e., a cultured expiant was
compared either with its own preculture control (Table 1) or
with another expiant (under different culture conditions) that
had been obtained from the same biopsy. The comparison of
expiants under different culture conditions (discussed under
"Results") represents the overall picture from at least 3

different experiments, each with tissues from a different
donor. Hormones were dissolved (9) and added (separately, or
in combination) to the medium on the 1st day and then were
left throughout the rest of the culture period. The hormones
and hormone concentrations used were as follows: insulin
(Calbiochem, San Diego, Calif.), Lot 64693, 23.4 i.u./mg and
5 jug/ml; MH2 (NIH-PS-8) 0.2, 2, and 5 Mg/ml; STH

3The abbreviations used are: MH, ovine prolactin; STH, bovine
somatotropin.
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Table 1

Effect of hormones on human mammary gland organ cultures
Results are expressed in comparison to the preculture control.

Hormone combination"
Increase in

cell size
Growth of

ducts

Increased
lobuloalveolar
differentiation

Alveolar
secretion Remarks

None

Insulin
Insulin + MH
Insulin + MH + STH
Insulin + MH + STH + aldosterone
Estradici
Progesterone

Insulin + MH + STH + aldosterone +
progesterone

Insulin + MH + STH + aldosterone +
estradiol

Insulin + MH + STH + aldosterone +
progesterone + estradiol

1/46

2/3
4/4
3/3
3/3
3/3
3/3

3/3

4/5

6/6

1/4

2/3
4/4
3/3
3/3
3/3
3/3

3/3

4/5

6/6

0/4

0/3
0/4
0/3
0/3
3/3
3/3

3/3

4/5

6/6

0/4 3 cases maintained;
1 dead

0/3 Full maintenance
1/4 Full maintenance
1/3 Full maintenance
0/3 Full maintenance
3/3 Full maintenance
0/3 Smaller alveoli

than with estradiol;
full maintenance

1/3 Small alveoli;
full maintenance

3/5 1 case dead

4/6 Full maintenance

0 When used in one of the listed hormone concentrations, the individual hormones were used in the following concentrations: insulin, 5 (jg/ml;

MH, 0.2 Mg/ml;STH, 0.2 Mg/ml; aldosterone, 0.25 iug/ml; estradiol, 0.001 Mg/ml;and progesterone, 1.0 jug/ml.
b No. of positive results/no, of experiments, each with 3 expiants from a different donor.

(NIH-GH-B8), 0.2, 2, and 5 Â¿ig/ml; aldosterone (Ciba
Pharmaceutical Co., Geneva, Switzerland), 0.25 and 1 Mg/ml;
170-estradiol (Calbiochem) 0.0001, 0.001, and 0.01 Â¿ig/ml;
progesterone (Calbiochem) 0.1, l,and 10/ag/ml.

RESULTS

Extreme care must be taken when the expiants are cut
before culture. The hard consistency of the tissue necessitates
a good deal of cutting pressure, which might damage the
fragile lobules that are surrounded by an elastic and resistant
connective matrix. The number of expiants with necrotic areas
can be drastically reduced if appropriate precautions are taken
in the cutting process, as has been pointed out by Barker et al.
(3).

Preculture controls varied in histolÃ³gica! appearance. In
some of them only a few ductal structures were present, while
others had small lobules with a reduced number of round
alveoli composed of spherical cells. These structures were
immersed in a thick connective stroma. The majority of the
preculture controls ranged between these 2 extremes, with a
predominance of the less-developed type of tissue. In contrast,
the expiants after culture (especially those stimulated with
hormones) had a more uniform aspect. The variation among
similarly stimulated groups of expiants that came from
different donors was larger than that within the groups
themselves, although it never attained the degree seen among
preculture control expiants that came from different donors.

Expiants had partial survival in chemically defined medium
(Table 1). In those expiants that were maintained, the
epithelium was continuous inside the ducts. Epithelial cells
were paler and, at times, larger than those of the preculture
control, but the overall picture did not differ much (Figs. 1, 2,
9, and 10). However, a better histological image was observed
at the level of ducts than at the level of the scant

lobuloalveolar tissue that was present. Few pycnotic cells were
observed. When insulin (5 Mg/ml) was added, maintenance was
complete and more and larger ducts were present than in the
preculture control; some of the insulin-stimulated ducts
showed a marked epithelial proliferation, similar to that
described by Barker et al. (3). In most expiants, the cells in the
ducts were larger and darker than those in the hormone-free
medium. The few alveolar structures that were present at the
time of explantation were better preserved than those in the
hormone-free medium control (Fig. 3).

Prolactin added to insulin had a definite trophic action on
tlie epithelium. With this hormone, the cells became dark and
polygonal, with nuclei oriented toward the base. Many more
cells than in the preculture control or the insulin medium were
seen surrounding each lumen, most of which had irregular
edges. Little, if any, alveolar secretion was observed (Fig. 4).
Among the doses tested, the minimal amount of prolactin that
elicited the maximal response was 0.2 Mg/ml.

STH alone did not seem to have any action, but when it was
added to a medium containing insulin (5 Mg/ml) plus MH (0.2
Mg/ml), the epithelial cells became darker and had more
abundant cytoplasm than did cells in medium with insulin plus
MH, and the ducts showed signs of further proliferation (Fig.
6). A dose of 0.2 Mg/ml seemed to be sufficient to induce the
maximal response.

When aldosterone, at a level of 0.25 Mg/ml, was added in the
presence of insulin, it induced a morphogenetic rearrangement
already described by Elias (4) in mice, i.e., mammary cells
become organized in a palisade-like epithelium around dilated
lumina. At a dose of 1 Mg/ml, aldosterone induced a marked
vacuolization of the cytoplasm of the cells.

Progesterone alone gave complete maintenance and induced
further lobuloalveolar development as compared with the
preculture control. Formation of small, closely packed alveoli
resulted. Their lumina were small and their cells had scant
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cytoplasm. Ducts looked abundant and had large cells with
nuclei oriented toward the base (Fig. 11). With the addition of
insulin, MH, STH, and aldosterone to the progesterone
medium, the alveoli remained small, but their cells had larger
and darker cytoplasm than with progesterone medium alone.
A small amount of secretion was observed in only 1 case. The
maximal effect for progesterone, either alone or in the
presence of other hormones, was at 1.0 Mg/ml.

In comparison with the preculture control, the 17 ÃŸ-
estradiol (0.001 ;ug/ml) alone induced a large increase in
lobuloalveolar differentiation and brought about full main
tenance. These alveoli were larger and had larger cells than did
those induced by progesterone. Their lumina were regular, and
most of them had a homogeneous acidophilic secretion (Fig. 8).
When the estradiol medium was supplemented by insulin, MH,
STH, and aldosterone, the alveolar cells increased in size,
compared to their size with the use of estradiol alone. They
had a large and granular cytoplasm, and their nuclei were
oriented toward the base. Secretion continued to be present in
the lumina. The addition of progesterone to estradiol, insulin,
MH, STH, and aldosterone did not alter these results (Fig. 7).
Furthermore, with this last combination, the alveoli that were
obtained did not have much collagenous strema around them.
At 0.0001 Mg/ml, estradiol seemed to be inactive; at 0.001
Mg/ml, it produced the results already described; and at 0.010
Mg/ml. it seemed toxic. These responses to different estradiol
concentrations were observed, regardless of the presence or
absence of other hormones.

A summary of these results is presented in Table 1.

DISCUSSION

It is demonstrated in this paper that a human mammary
gland can be organ cultured and stimulated by hormones in
vitro. However, the pattern of hormone response need not be
correlated exactly with the events which result physiologically
in lactogenesis.

A developmental effect of estrogen and progesterone on the
human mammary gland, as demonstrated in this work, has
been shown in the hypophysectomized, castrated rabbit (12,
13). When these rabbits received injections of estrogen and
progesterone for as long as 42 days, a marked developmental
effect on their mammary glands was induced, mainly at the
level of ducts (which were filled, when treated with estrogen
alone, with an abundant clear secretion). All of this agrees
with the current view that the main role of estrogen and
progesterone is the induction of mammogenesis, in preparation
for the ensuing lactogenesis.

MH, the prolactin used in this study, shares antigenic
determinants with human prolactin (8). Moreover, prolactin-
secreting cells of the pituitary of primates were identified by
fluorescent-labeled antibodies against MH (7). In our study,
the biological activity of MH on human mammary tissue is
shown. MH had a trophic action on the mammary epithelium
which did not proceed as far as inducing lactogenesis. This is
understandable, since the tissues for this study came from
mammary glands that had not undergone the long and
sustained stimulus of the mammogenic hormonal levels found
in pregnancy. The value of this hormonal priming prior to full

lactogenesis has been clearly shown in the 3- to 4-week-old
mouse (9, 16). Nevertheless, it could be possible that only
human prolactin would induce the lactogenic potentialities of
the human mammary tissue to the highest level. This last
alternative could be ruled out since, in one case in which a
human lactating gland was cultured in a human male
serum-supplemented medium (15), it was reported that MH
induced a secretory response, and that the response was even
greater when cortisol was added. For the full expression of the
lactogenic action of pituitary hormones on unprimed human
mammary glands, cultures of a longer duration may be needed,
or perhaps MH and STH should be added following, rather
than at the same time as, the progesterone and estrogen
mammogenic induction. This sequential treatment might be
required, since progesterone has an inhibitory action on some
aspects of lactogenesis, as was shown by Turkington and Hill
( 17) in mice and by KÃ¼hn( 10) in rats.

A source of variability in the results could be the obtention
of expiants from different phases of the cycle, although, other
than the usual unevenness of development in different lobules
of the human mammary gland, it was estimated that there are
no significantly measurable histological changes in female
mammary morphology associated with the cycle (6).

In summation, some characteristic responses of human
female mammary tissue to hormones in organ culture should
be pointed out. First, there is partial maintenance in
hormone-free, chemically defined medium, which is not the
case in mice and other mammals (5). Second, the tissue
responds to estrogen and progesterone when either hormone is
added by itself. This latter response comprised full
maintenance and different alveolar morphology, depending on
the steroid. The tissues also yield an acidophilic secretion in
the presence of estrogen alone, a secretion which is not
necessarily the true milk secretion.

Organ culture of human mammary gland proves then to be
useful for a study of the action of different mammogenic and
lactogenic hormones on their target tissue. It could also help
to elucidate the possible contribution of mammogenic and
lactogenic hormones to the pathogenesis of mammary
displasias. Furthermore, this procedure would permit the
study of the action in vitro of carcinogens and chemothera-
peutic agents on the human mammary gland. This suggestion
seems pertinent since some carcinogens would be more active
during phases of high proliferation in the tissues (1, 11), e.g.,
those created in vitro by estrogen and progesterone in this
study.
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Fig. 1. Human mammary gland tissue expiant fixed before culture; Patient C. L. Hemalum-phloxine-safranin stain, X 125.
Fig. 2. Human mammary gland tissue expiant cultured 5 days in hormone-free medium Â¡PatientC. L. Hemalum-phloxine-safranin stain, X 125.
Fig. 3. Human mammary gland tissue expiant cultured for 5 days in medium containing insulin (5 Mg/ml); Patient C. L. X 125. Inset, high

magnification of same expiant. Hemalum-phloxine-safranin stain, X 320.
Fig. 4. Human mammary gland tissue expiant cultured 5 days in medium containing insulin (5 Mg/ml) plus prolactin (0.2 Mg/ml); Patient C. L. X

125. Inset, high magnification of same explant. Hemalum-phloxine-safranin stain, X 320.
Fig. 5. Human mammary gland tissue expiant fixed before culture; Patient V. V. X 125. Inset, high magnification of same explant.

Hemalum-phloxine-safranin stain, X 320.
Fig. 6. Human mammary gland tissue expiant cultured 5 days in medium containing insulin (5 fig/ml) plus prolactin (0.2 /jg/ml) plus growth

hormone (0.2 Mg/ml); Patient V. V. X \25.lnset, high magnification of same expiant. Hemalum-phloxine-safranin stain, X 320.
Fig. 7. Human mammary gland tissue expiant cultured 5 days in medium containing insulin (5 Mg/ml), prolactin (0.2 Mg/ml), growth hormone

(0.2 Mg/ml), aldosterone (0.25 Mg/ml), progesterone (1.0 Mg/ml), and estradici (0.001 Mg/ml); Patient V. V. X 320. Inset, high magnification of
same expiant. Hemalum-phloxine-safranin stain, X 1250.

Fig. 8. Human mammary gland tissue expiant cultured 5 days in medium containing estradiol (0.001 Mg/ml); Patient V. V. X 320. Inset, high
magnification of same expiant. Hemalum-phloxine-safranin stain, X 1250.

Fig. 9. Human mammary gland tissue expiant fixed in 10% formaldehyde before culture; Patient S. L. Hemalum-phloxine-safranin stain, X 125.
Fig. 10. Human mammary gland tissue expiant cultured for 5 days in hormone-free medium; Patient S. L. X 125. Inset, high magnification of

same expiant; fixed in 10% formaldehyde. Hemalum-phloxine-safranin stain, X 320.
Fig. 11. Human mammary gland tissue expiant cultured for 5 days in medium containing progesterone (1.0 Mg/ml); Patient S. L. X 125. Inset,

high magnification of same explant; fixed in 10% formaldehyde. Hemalum-phloxine-safranin stain, X 320.
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