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Abstract

Patients with advanced breast cancer may develop acute, severe

hypercalcemia when treated with estrogens or antiestrogens.

In this study, we examined the effects of estrogens and related

compounds on the release of bone resorbing activity by cultured

human breast cancer cells in vitro. We found that the estrogen
receptor positive breast cancer cell line MCF-7 releases bone

resorbing activity in response to low concentrations of 17,B-

estradiol. Bone resorbing activity was also released in response
to the antiestrogen nafoxidine. Other steroidal compounds had

no effect on the release of bone resorbing activity. Estrogen-
stimulated release of bone resorbing activity occurred with live
bone cultures, but hot with devitalized bones, indicating that
the effect was bone cell mediated. The breast cancer cell line
MDA-231, which does not have estrogen receptors, did not

release bone resorbing activity in respojise to 17,6-estradiol or

nafoxidine. Release of the bone resorbing activity by MCF-7

cells incubated with 17,B-estradiol was inhibited by indomethacin
(10 tiM) and flufenamic acid (50 ,uM, two structurally unrelated
compounds that inhibit prostaglandin synthesis. Concentrations
of 17,B-estradiol and nafoxidine that caused increased release
of bone resorbing activity by the breast cancer cells caused a

four- to fivefold increase in release of prostaglandins of the E

series by MCF-7 cells. These data may explain why some

patients with advanced breast cancer develop acute hypercal-
cemia when treated with estrogens or antiestrogens, and why

bone metastases are more common in patients with estrogen
receptor positive tumors.

Introduction

Breast cancer, the most common malignancy in women,

frequently involves the skeleton (1). Metastatic bone lesions
may be osteolytic or osteosclerotic. They frequently lead to

intractable pain, fractures, and occasionally hypercalcemia.
Approximately 90% of women dying with breast cancer have

bone metastases (2-4), and >30% develop hypercalcemia (5).
Once tumor cells involve bone, only palliative treatment with
hormonal therapy (such as estrogens, antiestrogens, or andro-

gens) or chemotherapy is possible.
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To develop more effective forms of therapy for breast

cancer that has metastasized to bone, we need to understand
the mechanisms by which breast cancer cells influence bone

cell metabolism. The most important abnormality appears to

be an increase in bone resorption with resultant lytic metastases

and often hypercalcemia (1). The mechanism by which bone
resorption is increased in breast cancer is unknown, although
a number of studies have implicated prostaglandins (6-9),
which increase the activity of osteoclasts, the major bone

resorbing cells. It has also been shown that breast cancer cells

can directly resorb bone in vitro by the production of hydrolytic
enzymes (10, 11).

Steroid hormones clearly influence breast cancer cell growth.
Many tumors have steroid hormone receptors (12, 13), and

some tumors will respond to hormonal manipulations, includ-
ing the administration of estrogens, antiestrogens, or androgens
(14). It has been known for 40 yr that administration of
estrogens or antiestrogens may lead to the precipitation of
acute and severe hypercalcemia (15-18), even when tumor

growth regresses in response to the hormone (18, 19). 15% of

estrogen receptor positive women treated with estrogens develop
acute severe hypercalcemia (16), and -2% of women with

advanced breast cancer develop acute hypercalcemia when

treated with antiestrogens such as nafoxidine or tamoxifen
(20). The mechanism of hormone-stimulated hypercalcemia
in breast cancer is unknown.

In this study, we examined the effects of estrogens and

antiestrogens on the production of bone resorbing activity by
cultured human breast cancer cell lines in vitro. We found

that 17f3-estradiol and nafoxidine caused increased release of

bone resorbing activity by cultured human breast cancer cells

with estrogen receptors. This effect was inhibited by drugs that

block prostaglandin synthesis. The production of bone resorbing
activity by the breast cancer cells corresponded to their increased

release of prostaglandins of the E series.

Methods

The experiments described in this report were performed in two

separate laboratories, one in Farmington, Connecticut, the other in

Lyon, France. In one laboratory (Farmington, Connecticut), bone

resorbing activity was assessed using conditioned media harvested from

cultured MCF-7 cells incubated with fetal rat long bones in organ
culture. In the other laboratory (Lyon, France) bone resorbing activity
from MCF-7 cells was assessed by co-culture of MCF-7 cells with

neonatal mouse calvaria in organ culture.

Bone resorbing assays
Fetal rat long bone assays. These assays were performed in Connecticut.

The method for assessing bone resorbing activity has been described

in detail previously (21, 22). Bones were obtained from the fetuses of

pregnant rats on the 19th d of gestation. On the 18th d the rats were

given a subcutaneous injection of 0.05 mCi of 45Ca. The radius and
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ulna were explanted from the fetus and placed in organ culture for 72
h. The first 24-h period was a preculture period to allow for exchange
of loosely complexed 45Ca with stable calcium in the control media.
Conditioned media harvested from MCF-7 or MDA-23 1 cultured
human breast cancer cells were incubated with the bones over the
following 48-h period.

Both of these tumor cell lines were derived originally from malignant
pleural effusions from two different patients with disseminated breast
cancer (23, 24). Our cells were obtained from E.G. and G. Mason
Research Institute, Rockville, MD. Cell culture media used in these
experiments was harvested from cultures that were near confluency.
The MCF-7 cells were cultured in Dulbecco's modified Eagle's medium
(Gibco Laboratories, Grand Island, NY) with 10% fetal calf serum
(Gibco). The MDA-231 cells were grown in LI 5 medium (Gibco) with
similar amounts of fetal calf serum. The fetal calf serum was stripped
by exposure to charcoal to remove steroid hormones. The cells were
grown to confluency and cultures routinely split every week. In some
experiments the cultures were incubated for varying periods with
steroid hormones (24-96 h). Harvested cell culture media were centri-
fuged for 10 min at 1,000 g. The cell-free supernates were then
adjusted to pH 7.4 with I M NaHCO3 and sterilized by passage
through filters (pore size, 0.22 Mum; Millipore Continental Water
Systems, Bedford, MA).

In those experiments in which inhibitors of prostaglandin synthesis
were used, indomethacin (10 gM) and flufenamic acid (50 ,M) were

given simultaneously with the steroid compounds. Bone resorbing
activity was calculated as the percent of total radioactivity released
into the medium during the period of culture, and differences were

analyzed using t test for nonpaired samples.
Neonatal mouse calvaria assays. These assays were performed in

Lyon and used co-culture of tumor cells with the bone cultures. The
mouse calvaria bone resorption assay is similar to that described by
Reynolds (25). 48 h before parturition pregnant mice were injected
subcutaneously with 0.05 mCi of 45Ca (Commissariat a l'Energie
Atomique, Saclay, France) (9.9 mCi/mg sp act). 7-9 d after birth, the
calvaria of the neonatal mice were explanted and cultured in BGJ-b
medium (Gibco). Live explanted half calvarias were cultured for 24 h
in control BGJ-b medium at 37°C and 5% CO2 to remove loosely
bound 45Ca. The breast cancer cells were plated 72-96 h before the
onset of culture, with the bones in six well culture dishes, and were,
therefore, near confluency by the time the bone culture was to begin.
I ml of medium was used in the co-culture system and 5 X 104 cells/
ml were placed at the beginning of the culture. The bones were placed
on grids at the air-medium interface. One-half of each calvaria was
introduced into wells containing breast cancer cells while the other
half served as a control and was cultured with corresponding control
medium. The MCF-7 cells were cultured in Ham's F-17 medium
(Gibco) with 10% fetal calf serum (Gibco). In these experiments, the
fetal calf serum was not charcoal stripped. Fresh medium was added
to each well after each 48-h period. Hormones were added in some
wells at the onset of the co-culture, or 72 or 96 h before the onset of
co-culture. The duration of the co-cultures was 96 h. At the end of
the co-culture period the bones were hydrolyzed in HCI. Bone resorption
was assessed by taking the ratio of 45Ca released into the medium from
the half calvaria incubated with MCF-7 cells and hormones to the
45Ca released from paired half-calvaria treated in exactly the same
way, except that cells were not added. Experiments were repeated 2-7
times using 5-15 paired bones per experiment. Differences were
analyzed using t test for paired samples.

In some experiments, devitalized calvaria were used. The bones
were devitalized by exposure to UV light while immersed in distilled
water at room temperature for 24 h.

Prostaglandin E radioimmunoassay
Prostaglandins were determined in the supernatant media of the
MCF-7 cultures by radioimmunoassay, using a specific antibody to
prostaglandin E2 (PGE2)' (Boehringer Mannheim Biochemicals, Indi-

1. Abbreviation used in this paper: PGE2, prostaglandin E2.

anapolis, IN) and the IgG sorb technique. This assay has 20% cross-

reactivity with prostaglandin El. Prostaglandins were assayed in the
cell culture supernatants 6 h after exposure of the tumor cells to the
steroid compounds. After addition of 3H-PGE2 (New England Nuclear,
Boston, MA) for calculation of recovery, the culture supernates were

extracted twice with 2:1 ethylacetate/cyclohexane, and the extracts

were dried under nitrogen and then reconstituted with 0.2 M phosphate
buffer (pH 7.9) containing 1% rabbit serum. Using this method, -70%
of the PGE2 is recoverable.

Cell protein
The total protein content of cultured tumor cells per well was measured
in cell sonicates using the technique of Lowry et al. (26).

Cell DNA content

DNA content of the cultured tumor cells was determined using the
ethidium bromide technique of Karsten and Wollenberger (27).

Chemicals

170-estradiol, 17a-estradiol, dihydrotestosterone, indomethacin, and
flufenamic acid were all of reagent grade and were purchased from the
Sigma Chemical Co., St. Louis, MO. 45Ca was purchased from New
England Nuclear. Nafoxidine was kindly provided by The Upjohn
Co., Kalamazoo, MI.

Results

Fig. 1 shows the effects of 170-estradiol and 1 7a-estradiol on

the release of bone resorbing activity from MCF-7 cells using
the fetal rat long bone system. MCF-7 cells treated with control
media caused a small increase in bone resorbing activity;
however, when 17fl-estradiol was added to the MCF-7 cells in
concentrations of 1 nM, bone resorbing activity increased
100% (Fig. 1). Maximal effects were seen at I nM, although
some effect was also seen at 10 nM. The dose response curve

for 17fl-estradiol showed a biphasic response with no bone
resorbing activity being released at 0.1 MAM or 0.1 nM. In
contrast, 1 7a-estradiol caused no release in bone resorbing
activity at concentrations of 1 nM. There was some increase
in the release of bone resorbing activity from MCF-7 cells
cultured with 0.1 MuM 17a-estradiol. There are several possible
explanations for this effect of 17a-estradiol. The preparation
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Figure 1. The effects of 17,3-estradiol and 1 7a-estradiol on the release
of bone resorbing activity from MCF-7 cells. Bone resorption was
assessed by the release of previously incorporated 45Ca from fetal rat

long bones in organ culture, and was expressed as the percent release
of 45Ca. Control bones cultured with media alone released 9.1 ± 0.2%
of previously incorporated 45Ca. Bones cultured with 17a-estradiol
(0.1 nM) released 8.9±0.3% of total 4"Ca, and bones cultured with
17a-estradiol (1 MM) released 8.1±0.4% of total 45Ca. Bones cultured
with 17#-estradiol (1 nM) released 8.3±0.4% of total 45Ca, and bones
cultured with 17f-estradiol (i AM) released 7.7±0.5% of total 45Ca.
Results are expressed as means±SEM for four pairs of bone cultures.
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Figure 2. The effects of nafoxidine, testosterone, and progesterone on
the release of bone resorbing activity from MCF-7 cells. Bone resorp-
tion is expressed as percent release of previously incorporated 45Ca
from fetal rat long bones in organ culture. Bones cultured without
cells in the presence of control media plus hormones released the
following amounts of previously incorporated 45Ca: control media
alone, 9.8+0.3%; nafoxidine (0.1 nM), 9.2±0.4%; nafoxidine
(1 4M), 9.0±0.5%; testosterone (0.1 nM), 10.1±0.7%; testosterone (1
,gM), 9.2±0.6%; progesterone (0.1 nM), 9.7+0.5%; and progesterone
(1 PM), 10.5±0.4%.

of 1 7a-estradiol may have been contaminated with small
amounts of 17f-estradiol which produced this apparent effect
at 0.1 tM. It is also possible that in this sytem 1 7a-estradiol
competes for the 17f-estradiol receptor and causes a partial
agonist effect.

Nafoxidine, which binds to the estrogen receptor, also
caused the MCF-7 cells to release bone resorbing activity at
low concentrations (Fig. 2). However no effects were seen with
testosterone and progesterone in the fetal rat long bone system

(Fig. 2).
17p-Estradiol (10 nM) added to MCF-7 cells also caused

release of 45Ca from organ cultures of live mouse calvaria
when the estradiol was added 96 h before the cells were

exposed to the bones (Table I). When the cells were cultured
with devitalized bone there was no added bone resorbing effect
of 170-estradiol, although we confirmed our previous data (10)
showing a small direct resorption of devitalized bone by breast
cancer cells (Tabie II). pH was monitored in the medium of
the co-culture wells and in the control wells. The lowest pH
we found was 6.4. In a separate experiment (data not shown),
45Ca release induced by lowering pH from 7.6 to 6.4 was

measured. This experiment was conducted during two consec-

utive 48-h periods on live and on devitalized bones. We found
that the effect of estradiol on live bones could not be ascribed
to changes in pH alone because even when the effects of pH
were accounted for, there was still substantial release of 45Ca
by 1 7f3-estradiol. The effects of steroid hormones could not be
ascribed to an increase in cell growth. We found no increase
in [3H]thymidine incorporation by MCF-7 cells exposed to
concentrations of 10 or 1 nM 17f-estradiol, indicating that
the effects we observed were not related to an increase in cell
replication (data not shown). In co-culture experiments with

mouse calvaria, DNA content ofthe cancer cells was determined
at the end of the co-culture period: it was the same whether
the cells were unexposed to steroid hormones, or incubated
with dihydrotestosterone or 173-estradiol.

To test the specificity of the effect of 173-estradiol and
nafoxidine on the release of bone resorbing activity by breast
cancer cells, we examined MDA-231 cells that do not have
estrogen receptors. Release of 45Ca from organ cultures of both
mouse calvaria and fetal rat long bones was assessed. There
was no release of bone resorbing activity from fetal rat lopg
bones when these cells were incubated with either 17#3B or
17a-estradiol (Fig. 3) or from mouse calvaria (Table I).

To determine the mechanism by which MCF-7 cells were
causing fetal rat long bones and mouse calvaria to resorb when
exposed to 1 7f-estradiol and nafoxidine, we tested the hypoth-
esis that prostaglandin synthesis by the cancer cells may be
involved. We determined if MCF-7 cells were releasing pros-
taglandins of the E series, which are the most potent bone
resorbing prostaglandins, in response to the estrogens. To do
this, we incubated the cells with indomethacin (10 IAM) and
flufenamic acid (50 uM), two compounds that inhibit cyclpox-
ygenase but that are structurally unrelated. We found that the
release of bone resorbing activity by the MCF-7 cells in
response to the 173-estradiol was associated with a marked
increase in PGE2 production by the cells (Table III). Ind'o-
methacin and flufenamic acid both inhibited release of bone
resorbing activity and of PGE2. This is consistent with the
hypothesis that the mechanism by which the MCF-7 cells were
causing bone resorption after exposure to 17f-estradiol was

the release of prostaglandins of the E series.

To explore the relationship of bone resorbing activity by

Table I. Effects of Cultured Human Breast Cancer Cells on 45Ca Releasefrom Live Neonatal Mouse Calvaria

Treated/control ratio of 45Ca release

Duration of bone culture

Hormonal addition Time of exposure
Cells n to media of cells to hormone 0-48 h 48-96 h

h

MCF-7 38 None 0-96 0.99±0.03 1.26±0.05*

MCF-7 26 17fl-estradiol 0-96 0.98±0.04 1.27±0.08*

MCF-7 21 17fl-estradiol -96 to +96 1.28±0.05* 1.49±0.06*

MDA-231 21 None 0-96 1.03±0.02 1.06±0.04

MDA-231 17 l7fl-estradiol 0-96 0.98±0.03 1.10±0.04*
MDA-231 4 170-estradiol -96 to +96 0.994p.14 1.19±0.14

Results were calculated as ratios of 45Ca release from bones cultured with MCF-7 cells and hormones as indicated compared with bones treated
in exactly the same way, except that cells were not added. The details of the technique are given in the Methods section. 17fl-Estradiol was

added in a concentration of 10 nM. The percent release of total 45Ca from bones treated with control media alone over the first 48 h was

19.6±0.9% and from 48-96 h was 10.2±0.6%. The bones were cultured for a total of 96 h and the results are expressed as means±SEM.
* Significantly > 1.0; P < 0.001.
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Table II. Effects of Cultured Human Breast Cancer Cells on 45Ca Release from Devitalized Neonatal Mouse Calvaria

Treated/control ratio of 45Ca release

Duration of bone culture
Hormonal addition Time of exposure

Cells n to media of cells to hormone 0-48 h 48-96 h

h

MCF-7 32 0-96 1.10±0.02* 1.09±0.02*

MCF-7 22 1 7-estradiol 0-96 1.10±0.03* 1.09±0.02*

MCF-7 6 17fl-estradiol -96 to +96 0.99±0.13 1.01±0.06

Results were calculated as ratios of 4"Ca release from bones cultured with MCF-7 cells and hormones as indicated compared with bones treated
in exactly the same way, except that cells were not added. The details of the technique are given in the Methods section. 1 7f3-Estradiol was

added in a concentration of 10 nM. The percent release of total 45Ca for bones treated with control media above over the first 48 h was
8.2±0.2% and from 48-96 h was 4.6±0.1%. The bones were cultured for a total of 96 h and the results are expressed as means±SEM.
* Significantly > 1.0; P < 0.001.

MCF-7 cells to prostaglandin production further, we performed
dose response curves with 17f-estradiol, 1 7a-estradiol, and

nafoxidine on the release of PGE2 by cultured MCF-7 cells.
We found the maximal increase of prostaglandins of the E

series by the effects of 17,3-estradiol and nafoxidine occurred

at concentrations of 1 nM (Fig. 4), coinciding perfectly with

the release of bone resorbing activity (Figs. I and 2). 17a-

Estradiol caused a small increase in PGE2 release at concen-

trations of 0.1 M, again coinciding perfectly with the release

of bone resorbing activity by MCF-7 cells at the same concen-

tration (Fig. 1). These findings are again consistent with the

notion that the mechanism by which the MCF-7 cells cause

bone resorption when incubated with 17f-estradiol or nafoxi-

dine is prostaglandin release.

Discussion

The data in this paper indicate that cultured human breast
cancer cells in vitro can release bone resorbing activity and

prostaglandins upon acute exposure to 1 73-estradiol as well as

to nonsteroidal compounds that compete with 17f-estradiol
for the estrogen receptor. The data are consistent with the
hypothesis that these breast cancer cells release prostaglandins
in response to 17g-estradiol, and that the prostaglandins are

at least in part responsible for the increase in bone resorption.
These laboratory observations may explain why some patients
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Figure 3. The effects of 17f-estradiol and 17a-estradiol on the release
of bone resorbing activity from MDA-23 1 cells (which do not have
estrogen receptors). Bone resorbing activity is expressed as the per-
cent release of previously incorporated 45Ca from fetal rat long bones
in organ culture. Bones cultured without cells in the presence of
control media plus hormones released the following amounts of
previously incorporated 45Ca: control media alone, 8.8±0.2%; 17a-
estradiol (0.1 nM), 8.8±0.6%; 17a-estradiol (1 MM), 7.9±0.7%; 17,B-
estradiol (0.1 nM), 9.2±0.4%; and 17,B-estradiol (1 MM), 10.6±0.7%.

with advanced breast cancer develop acute hypercalcemia
when treated with estrogens or antiestrogens, and why bone

lesions appear to be more prominent in patients with estrogen
receptor positive tumors.

The mechanisms of bone resorption in patients with ad-
vanced breast cancer may be complex and multifactored.
Recently, we have shown that breast cancer cells themselves
have the direct capacity to resorb bone independent of osteo-

clasts (10). The direct effect of tumor cells may be related to

collagenolytic factors secreted by the malignant cells (10, 1 1).
It has been shown that MCF-7 cells produce collagenolytic
and lysosomal enzymes (10, 11). Using cultures of mammary
tumor explants, Heuson et al. (28) have shown that scirrhous
tumors survive less well in serum free medium than tumors

with loose connective stroma. Supplementation of the medium
with 17f-estradiol (0.1-10 ng/ml) did not affect nonscirrhous
tumors but markedly improved the survival of scirrhous tumor
cancer cells throughout the explant. This improvement was

Table III. Effect of Inhibitors of Prostaglandin Synthesis
on Release ofBone Resorbing Activity,
Assessed Using Fetal Rat Long Bones, and PGE2
from MCF-7 Cells in Response to 17f3-Estradiol (1 nM)

Bone resorbing activity
MCF-7 cells (percent release Cell

treated with of 45Ca) PGE2 protein

pg/mg protein mg
per h

Control media 18.1±0.4 6.1±0.4 0.48±0.02

l7fl-estradiol 38.9±1.2* 52.3±2.8* 0.52±0.03
1 7f-estradiol
+ indomethacin
(0.1 MM) 10.3±0.5 3.2±0.1 0.54±0.02

1 73-estradiol
+ flufenamic acid
(0.5 MM) . 12.9±0.9 3.9±0.2 0.56±0.03

Indomethacin
(0.1 MM) 11.7±0.8 4.3±0.3 0.49±0.02

Flufenamic acid
(0.5 MM) 10.9±0.7 5.2±0.2 0.43±0.02

Bones treated with media containing 1 7#-estradiol (1 nM) released 9.1±0.2% of
total 45Ca; bones treated with media containing indomethacin (0.1 M) released
11. 1±0.3% of total 45Ca; bones treated with media containing flufenamic acid
(0.5 MM) released 9.9±0.5% of total 45Ca. * Significantly greater than cells
treated with control media; P < 0.05.
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Figure 4. The effects of 173-estradiol, 17a-estradiol, and nafoxidine
on the release of PGE2 from cultured MCF-7 cells under the same
conditions as shown in Figs. 1 and 2.

associated with collagen digestion around the neoplastic cells.
More information is required to determine the relationship
between estrogen responsiveness and the release of collagenolytic
activity by breast cancer cells.

Others have suggested that osteoclasts are important in the
bone resorption that occurs in metastatic bone disease (8). It
is possible that osteoclasts present at the bone margins mediate
bone destruction after activation by prostaglandins produced
by the tumor cells or by monocytes that accumulate as part
of the cell-mediated response to the tumor. The lymphokine
osteoclast activating factor (29, 30) could also activate osteoclasts
at metastatic sites as part of the cellular immune response to

the presence of the tumor. From the observations we have
described here, we suggest that on exposure to estrogens or

compounds that bind to estrogen receptors, some breast cancer

cells may release factors that cause osteoclast activation.
Although our data are consistent with prostaglandin pro-

duction by the breast cancer cells mediating the effects we

observed, we cannot exclude another bone resorbing factor in
addition to prostaglandin E being produced by the tumor cells.
Prostaglandins E in the concentration range of 100-500
pg/ml may stimulate bone resorption (31, 32), but not usually
to the extent seen here. However, indomethacin and flufenamic
acid are structurally unrelated drugs that inhibit prostaglandin
synthesis, and their ability to inhibit production of all of the

bone resorbing activity by the MCF-7 cells suggests that

prostaglandins are responsible at least in part for the bone
resorbing activity (Table III).

Our results support previous studies showing that some

breast tumors can produce more prostaglandins than others

(33). These tumors may spread more easily, show higher
osteolytic activity in vitro (34), and may be associated more

frequently with bone metastases (33). Taken together with our

results, these observations may suggest that estrogen receptor
positive breast tumors have a higher osteolytic activity and

spread more easily to bone. This assumption is supported by
clinical observers who have noted that there are differences in

patterns of metastasis of estrogen receptor positive and estrogen
receptor negative breast cancers. Estrogen receptor positive
tumors metastasize earlier to bone, while estrogen receptor
negative tumors metastasize to viscera (35-38).

The changes we observed cannot be ascribed either to

changes in pH or simply to alterations in cell proliferation in

response to estrogens. We cultured fetal rat long bones with
media harvested from MCF-7 cells that were readjusted to pH
7.34 before incubation with the bones. When co-culture of the

MCF-7 cells with the neonatal mouse calvaria was performed,
the pH fell. However, in separate experiments we assessed the
bone resorption caused by similar changes in pH and found
that increased release of previously incorporated 45Ca from
neonatal mouse calvaria due to identical changes in pH could
not account for the marked increase in "Ca release from cells
co-cultured with the bones. When bones were cultured with
dihydrotestosterone at 0.1 tM, there was increased release of
45Ca from the calvaria. However, we found there was also
increased production of acid by these cultured cells and
increased release of 45Ca could be ascribed to acid production.
In contrast, although 17f-estradiol also increased acid produc-
tion by MCF-7 cells, the release of 45Ca was greater and could
not be ascribed to the pH effect. The increased bone resorbing
activity by cells cultured with 17fl-estradiol could also not be
ascribed simply to increased cell proliferation or DNA synthesis.
In separate experiments, we measured DNA content of the
cultured cells and [3H]thymidine incorporation. Under the
conditions of these experiments, there was neither an increase
in DNA content nor in [3Hlthymidine incorporation. These
results indicate that on exposure to 1 7f-estradiol or nafoxidine,
there was increased release of bone resorbing activity by the
MCF-7 cells without a parallel change in cell replication.

The clinical importance of estrogen-induced hypercalcemia
has become less significant since estrogens are now used rarely
as single agents in the treatment of advanced breast cancer.
However, tamoxifen or nafoxidine are commonly used, and a
small number of women with advanced breast cancer develop
acute hypercalcemia when treated with these agents (18).
Occasionally, this type of hypercalcemia develops very rapidly
and may be irreversible (17). This may occur even when the
drug causes a decrease in tumor cell growth (18), so that in
tamoxifen-treated patients it is important to avoid life-threat-
ening transient hypercalcemia. If, in fact, the mechanism of
acute increases in bone resorption and hypercalcemia in some
patients with metastatic breast cancer treated with estrogens
or antiestrogens is by the release of prostaglandins by the
tumor cells, then it is possible to avoid this complication by
prophylactic therapy with agents that decrease prostaglandin
synthesis, such as indomethacin. Clinical studies may be
warranted to determine if patients with advanced breast cancer

who are treated with estrogens or antiestrogens as part of their
routine care will develop an acute increase in bone resorption
that can be inhibited by blockade of prostaglandin synthesis.
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