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SHORT COMMUNICATIONS

Functional B-adrenergic receptors in a human mammary cell line (HBL-100)
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Cyclic AMP has been postulated to be an important “nega-
tive” regulator of mammary lactogenesis [1-4]. Adenylate
cyclase activity and endogenous cyclic AMP levels increase
in mammary tissue during pregnancy and then fall abruptly
after parturition [2]. Phosphodiesterase levels change in the
opposite manner [2]. The initiation of lactation is thought to
be dependent upon the drop in cAMP levels, and studies
in mammary tissue isolated from lactating rats indicate
that, when endogenous cAMP levels are raised, a decrease
in the formation of lactalbumin [3] and lactose [1, 3-5]
results. The exact mechanism(s) by which cAMP exerts
such changes is unknown. However, an inhibition of lactose
formation may be due, at least in part, to an inhibition
of glucose uptake by mammary cells [5].

Lactogenesis is apparently under adrenergic control since
epinephrine-sensitive adenylate cyclase activity is present
in mammary tissue [6]. Recently, two groups have demon-
strated the presence of f-adrenergic receptors in prep-
arations obtained from mammary glands of lactating rats
[7, 8]. In this paper we describe the presence of a functional
B-adrenergic receptor system in a human mammary cell
line, HBL-100 [9, 10]. This is the first report of such a
system in an immortal epithelial cell line which has been
reported previously to possess lactogenic properties
[11, 12]. The results presented here indicate that HBL-100
cells provide an in vitro source of f-adrenergic receptors
which can be studied in terms of the regulation of lac-
togenesis, as well as other human mammary gland cell
functions.

Materials and methods

Membrane preparation. HBL-100 cells ( passage 28) were
grown on 100-mm plates containing McCoy’s SA medium
supplemented with 10% defined fetal bovine serum and
100 ug/ml each of penicillin G and streptomycin sulfate.
Cell culture was carried out at 37° in a 5% CO, humidified
atmosphere in air. Confluent monolayers (approximately
2 X 107 cells/100-mm dish) were used for membrane
preparations. Following removal of the culture medium,
monolayers were washed twice with phosphate-buffered
saline (PBS), and then cells from two or three dishes were
pooled by scraping them (10ml of 50 mM Tris buffer,
pH 7.4/100-mm plate) into a 50-ml plastic centrifuge tube.
A 10-sec homogenization (at a setting of 5) was then carried
out on ice using a Brinkmann Polytron homogenizer. The
ice-cold homogenate was centrifuged at 50,000 g for 10 min,
the supernatant fractions were removed, and the resulting
pellets were then resuspended in the same volume of buffer
and centrifuged again. Membrane pellets isolated from two
dishes of cells were resuspended in about 5 ml of buffer.
Aliquots of membrane suspension were stored at —80°,
and thawed preparations were used only once for binding
studies. It was necessary to resuspend the thawed mem-
brane preparations with a 3-ml plastic syringe and an 18-
gauge needle prior to use in binding studies.

Binding assay. Binding measurements were carried out
at 37°in 12 X 75 mm borosilicate glass tubes. Typical incu-
bation mixtures contained various concentrations of 1-[4,6-
propyl-*H]dihydroalprenolol (["H]DHA; 110 Ci/mmol,
Amersham Corp., Arlington Heights, IL) and approxi-
mately 30 ug of membrane protein dissolved in (.15 ml of

Tris buffer. Unless otherwise indicated, when D,L-pro-
pranolol (DL-P; Sigma, St. Louis, MO) was included, the
final concentration was 10 uM. Specific binding was con-
sidered to be the difference between the total amount of
[PH]DHA bound and the amount of [*H]DHA bound in
the presence of 10 uM pL-P. In some studies, various con-
centrations of atenolol (Stuart Pharmaceuticals, Wilming-
ton, DE) or ICI 118, 551 (Imperial Chemical Industries,
PLC, Macclesfield, England) were included in the incu-
bation mixtures. Binding was initiated by the addition of
membranes to the incubation medium. Incubations were
terminated by the addition of 4 ml of ice-cold Tris buffer
and immediate vacuum filtration of the samples on 24-mm
GF/C filters (Whatman, Clifton, NJ). Incubation tubes
received two additional rinses with ice-cold Tris buffer
(4 ml/rinse) to ensure quantitative transfer of the samples
onto the filters.

Intracellular cAMP determinations. Confluent mono-
layers of cells grown on 35-mm dishes were incubated
under normal growth conditions for 15 min with various
concentrations of isoproterenol and 0.1 mM 3-isobutyl-1-
methylxanthine. After incubation, the medium was
removed immediately and the monolayers were rapidly
rinsed twice with 2 ml of ice-cold PBS. The cells were then
dissolved in 2 ml of ice-cold acidic ethanol (1 ml of 1 N HCI
dissolved in 100 ml of ethanol), and the extracts were
allowed to remain at (—4° for an additional 30 min. The
extracts were then transferred (with two additional wash-
ings of 1 ml each of acidic ethanol) to glass tubes, and the
precipitate was removed by centrifugation. Supernatant
fractions were transferred to another set of glass tubes and
dried at 40° under a stream of nitrogen. Dried samples were
dissolved in 0.5ml of Tris/EDTA buffer (0.05M Tris—
HCI, pH 7.5, containing 4 mM EDTA) and stored at —20°.
cAMP determinations were carried out using a commercial
cAMP assay kit (Amersham) as described by the
manufacturer.

Other methods. Protein determinations were made
according to Lowry et al. [13]. Analyses of binding data
were made according to Scatchard [14] and Hill [15, 16].

Results and discussion

Previous studies indicate that S-adrenergic receptor sys-
tems play a significant role in mammary gland physiology,
particularly with respect to lactogenesis. Since HBL-100 is
an immortal human mammary cell line possessing lac-
togenic properties, we have looked for f-adrenergic recep-
tors in these cells. As shown in Fig. 1, [PH]DHA bound to
HBL-100 membranes rapidly at 37°, with receptor satu-
ration (specific binding) occurring within 2 min of
incubation. Specific binding was also saturable with respect
to [P’H]JDHA concentration (Fig. 2, right panel), and at a
[*H]DHA concentration as high as 1 nM it accounted for
approximately one-half of the total bound ligand. A Scat-
chard analysis (Fig. 2, left panel) revealed a single class of
high affinity receptor sites (Hill coefficient = ~1.00) with
a K, 0f 0.68 nM and a B,,,,, (maximum number of [’H]DHA
binding sites) of 78.4 fmol/mg membrane protein. A com-
parison of the data reveals that the B-adrenergic binding
characteristics of HBL-100 cells differed from those
reported for other mammary cell preparations [7, 8], i.e.
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Fig. 1. Time course of specific binding of [*H)DHA to
HBL-100 membranes. Binding of ['"H]DHA (2.5 nM) was
carried out at 37° as described in Materials and Methods.
A representative experiment from three separate deter-
minations is shown. Individual time points are an average
in triplicate determinations. Maximum specific binding
averaged 2.36 fmol (196 cpm) per sample.

HBL-100 cells contained (a) 3- to 5-fold fewer receptor
sites per mg of protein, and (b) possessed receptors with
an approximately 10-fold higher affinity for [*H]DHA.
These differences may be due to species variation, dif-
ferences in in vitro versus in vivo growth conditions, and the
fact that [P’H]DHA binding measurements on rat mammary
acini preparations may reflect the binding characteristics of
more than one cell type since these preparations are known
to contain acinar secretory cells, myoepithelial cells, fibro-
blasts and other cellular elements [8].

A previous study reported that the S-adrenergic recep-
tors of rat mammary acinar membranes are composed
primarily of the fB,-subtype [8]. We have carried out a
comparable study on HBL-100 cells and obtained similar
results. B-Adrenergic subtype specificity was assessed by
comparing the abilities of atenolol (a §,-specific antagon-
ist), ICI 118,551 (f,-specific antagonist) and DL-P (not
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subtype specific) to inhibit the binding of [*H|DHA to
HBL-100 membranes. In this study, we compared the £Cs,
values (the concentration of competitor that effectively
competes for 50% of the specific radioligand binding) of
the various antagonists. As shown in Fig. 3. the ¢y of 1CI
118,551 (3 x 107° M) was (a) substantially less than that of
atenolol (7 x 1077 M), and (b) similar to that obtained for
pDL-P (3 X 10 *M). These results indicate that HBL-100
p-adrenergic receptors are primarily of the fa-subtype,
although the existence of 3;-receptors cannot be ruled out.

The initial response to S-adrenergic stimulation is usually
an increase in adenylate cyclase activity. resulting in an
increased intracellular cAMP concentration [17]. cAMP
then functions as a second messenger, cliciting a host of
other responses. The data in Table 1 indicate that the
p-adrenergic receptors of HBL-100 cells are functionally
coupled to adenylate cyclase since stimulation by iso-
proterenol resulted in an increased intracellular cAMP
content. This stimulation occurred in a dose-dependent
manner, with the maximum increase in cAMP content
(~20-fold) occurring at a concentration of approximately
107 M isoproterenol. In separate experiments (data not
shown), we found that a smaller maximal isoproterenol
response (approximately 1.5-fold) occurred if 3-isobutyl-
1-methylxanthine (IBMX, a phosphodicsterase inhibitor)
was omitted during agonist stimulation. Similar results have
been reported by others, i.e. stimulation of rat mammary
B-receptors results in an approximately 20-fold increase in
intracellular cAMP content when IBMX is included in
the S-agonist incubation medium, and only about a 2-fold
increase occurs when IBMX is omitted [8].

Studies in a variety of systems have shown that S-adre-
nergic receptors play important roles in various aspects of
glandular functions. In salivary glands, for example. they
regulate saliva formation by influencing protein and ion
transport properties of acinar secretory endpieces [18] and
ion transport properties of ductal epithelium [19]. In mam-
mary glands their influence on milk formation is less well-
studied, although B-adrenergic-related increases in cAMP
formation undoubtedly influence lactose production by the
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Fig. 2. [’H]DHA concentration dependence on [*HJDHA binding to HBL-100 membranes. The binding

of ['H|DHA to HBL-100 membranes was measured as described in Materials and Methods. Right

panel: total binding (@—@®), non-specific binding (l—M) and specific binding (A— A ) of the radioligand

to the membrane protein sample. A representative experiment from three separate determinations is

shown. Individual concentration dependencies are the average of quadruplicate determinations. Left
panel: Scatchard analysis of the specific binding curve.
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Table 1. Effect of S-adrenergic stimulation on intracellular cAMP content in HBL-100 cells

Experiment 1

Experiment 2

Isoproterenol cAMP relative cAMP cAMP Relative cAMP
(M) (pmol/dish) concentration (pmol/dish) concentration
0 14 1.00 9 1.00
10°° 20 1.40 ND ND
107 98 7.00 46 51
1077 340 24.2 170 18.9
107¢ 290 20.7 170 18.9
1073 310 22.1 170 18.9
1074 220 15.7 ND ND

Results of two separate experiments carried out in triplicate are shown. Isoproterenol treat-
ment and cAMP determinations were carried out as described in Materials and Methods. Each
35-mm dish contained 2 x 10°cells. ND denotes results not determined. All cultures also
received 0.1 mM 3-isobutyl-1-methylxanthine in the incubation medium during treatments with

or without isoproterenol.
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Fig. 3. Binding of [’'H]DHA to HBL-100 membranes in the
presence of various concentrations of antagonist. Binding
of [*H]DHA (1.8 nM) to HBL-100 membranes was carried
out in the presence of various concentrations of D,L-pro-
pranolol (@—@), ICI 118,551 (X—X) or atenolol
(O—0). Specific binding determinations were made as
described in Materials and Methods. A representative
experiment of three separate determinations is shown. Indi-
vidual concentration dependencies are an average of trip-
licate determinations.

acinar secretory endpieces. The results presented in this
paper demonstrate that HBL-100 cells provide an in vitro
system which can be used to investigate how lactose pro-
duction, as well as other functions related to milk forma-
tion, may be regulated by a f-adrenergic receptor system
in humans.
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