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ABSTRACT

We have identified a secreted glycoprotein with an apparent molecular
weight of 39,000 that is inhibited by estrogens and stimulated by anties-
trogens in the MCF-7 human breast cancer cell line. The protein was
detected within 24 h of hormone treatment with inhibition occurring at
concentrations as low as Id " Mestradiol and stimulation occurring with

antiestrogens. When phenol red, which has been found to have estrogenic
activity, is removed from the tissue culture medium, no inhibition of cell
growth or induction of the M, 39,000 protein is seen with antiestrogens.
A 6-fold decrease in the amount secreted in the presence of estrogens is
seen under these conditions. The induction was specific in that growth
inhibition by several other means did not induce expression of the \1,
39,000 protein. The M, 39,000 protein has been identified as a glycopro
tein complex that can be resolved into four polypeptides with two major
components that migrate in the pH range of 5.5 to 6.3 by two-dimensional
gel electrophoresis. This protein is the first evidence that estrogens inhibit
a specific protein and it may prove useful as a marker of antiestrogen-
induced growth arrest in breast cancer.

INTRODUCTION

Estrogens are known to play an important role in the prolif
eration of breast cancer. Antiestrogens have been used success
fully for many years to cause regression of tumors. Through
multiple lines of investigation, the following hypothesis on the
mechanism of action of estrogens has evolved. Estrogens first
act by entering the cell and binding to estrogen receptors. These
complexes are transformed to a form less easily extracted from
nuclei. This leads to an altered interaction with chromatin and
DNA which subsequently cause changes in gene expression.
Estrogens induce the expression of many enzymes involved in
DNA synthesis and cell growth (1, 2). In addition, estrogens
cause alterations in specific secreted proteins and growth fac
tors. Our laboratory has recently identified an insulin-like
growth factor (3) and an o-transforming growth factor activity
(4, 5) that show increased secretion into the culture media with
estrogen-induced growth stimulation. In addition, Rochefort et
al. (6, 7) have identified a secreted M, 52,000 glycoprotein that
stimulates replication of MCF-7 cells in vitro. Maisiakowski et
al. (8) have also identified an estrogen-regulated mRNA pS2,
the function of which is unknown at this time.

Estrogens may affect the malignant phenotype by decreasing
the production of growth factors and other proteins which
would normally exert a negative effect on growth. Roberts et
al. (9) have shown that ^-transforming growth factor can inhibit
growth of MCF-7 breast cancer cells. Our laboratory has iden
tified a transforming growth factor activity in conditioned me
dia from breast cancer cell lines which is decreased in the
presence of estrogens and increased in the presence of anties
trogens (10). Antiestrogens act by competitively blocking bind
ing of estrogen to estrogen receptors. This results in growth
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arrest (11) and inhibition of estrogen-induced protein secretion
(12).

By metabolic labeling of conditioned media with [35S]cys-

teine, we have examined major secreted proteins for evidence
that estrogens may negatively regulate the production of a
unique subset of proteins and cellular events. In this report, we
have described a secreted protein that is induced in the presence
of antiestrogens and inhibited by estradiol. It is possible that
this glycoprotein may contribute to antiestrogen action and
provide a useful marker of antiestrogen responsiveness.

MATERIALS AND METHODS

Materials. L-[35S]Methionine (>1000 Ci/mmol) and L-[35S]cysteine

(>900 Ci/mmol) were obtained from New England Nuclear. Tamoxifen
[fra/w-(/7-dimethylaminoethoxyphenyl)-1,2-diphenylbut-1 -ene) as well
as its hydroxylated metabolite were obtained from ICI America, Inc.
LY117018 was a gift from Dr. R. J. Kraay and C. D. Jones (Eli Lilly
Co.). Tunicamycin and 17 0-estradiol were obtained from Sigma. Ri-
chter's IMI M (13) with and without phenol red was obtained from

the NIH Media Unit.
Cell Culture. The MCF-7 cell line (14) was a gift from Dr. Marvin

Rich, Michigan Cancer Foundation. MCF-7 cells were passaged in
IMEM supplemented with gentamicin (40 mg/liter), 0.1 unit/ml por
cine insulin, and 5% CCS.

For the time course and dose response of induction of M, 39,000
secreted protein response to hormones, approximately 100,000 MCF-
7 cells were plated in 25-mm dishes in IMEM supplemented with 5%
CCS. Twenty-four h later, hormones dissolved in ethanol were added
to culture media in ethanol (final concentration of ethanol, 0.1%) and
ethanol alone was added to the control cells. Cells were incubated in
hormones for indicated times at 37Â°Cand labeled with either L-[35S]
methionine or L-[35S]cysteine for the final 6 h. For experiments in

IMEM media containing no phenol red, cells were cultured in this
medium for at least 2 weeks prior to experiments.

Labeling and Analysis of Released Proteins. Cells were labeled by
washing cultures with cysteine-free IMEM and then replacing medium
with 300 u\ IMEM containing 200 /iCi/ml [35S]cysteine, 0.24 mg/Iiter

cystine, 0.05% CCS, and the appropriate hormone for 6 h. For methi
onine gels, medium was replaced with IMEM supplemented with
hormone plus 167 nCi/ml [35S]methionine, 0.15 mg/liter methionine,

and 0.05% CCS. Medium was collected, centrifuged to remove cellular
debris, and dialyzed overnight against gel loading buffer [5% 0-mercap-
toethanol, 1% SDS, 10% glycerol, 0.0625 M Tris (pH 6.8), and 0.01%
bromophenol blue). Samples were heated at 95*C for 5 min and then

analyzed on 10 or 15% 1.5-mm SDS-polyacrylamide gels (15). Gels
were processed for fluorography and exposed to preflashed Kodak
XAR-2 films. Molecular weights were estimated with 14C molecular
weight standards (Amersham-Searle). The percentage of [35S]cysteine
or ("SJmethionine incorporated into the M, 39,000 and M, 8,000

proteins was determined by scanning the film with a Beckman DU8
slab gel scanner and then estimating the density of the corresponding
bands as a percentage of the total band density.

Two-dimensional gel analysis was carried out as described by O'Far-

rell (16) with the isoelectric gel run with LKB mixed ampholines (3.5
to 9.5) and with a 15% SDS gel as the second dimension.

2The abbreviations used are: IMEM, improved minimal essential medium;
CCS, calf serum stripped of endogenous hormones by incubation with dextran-
coated charcoal; SDS, sodium dodecyl sulfate; Con A, concanavalin A.

1234

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/5/1234/2430137/cr0470051234.pdf by guest on 19 M

ay 2023



ESTROGEN-INHIBITED M, 39,000 GLYCOPROTEIN IN BREAST CANCER

RESULTS

Hormone Regulation. In these studies the human breast can
cer cell line MCF-7 was used. This cell line contains estrogen
receptors and its growth rate changes in response to both
estrogen and antiestrogens (17). To examine hormone-regu
lated secreted proteins, cells were incubated for 1 to 4 days with
either the triphenylethylene compound, 4-hydroxytamoxifen,
or the benzothiophene antiestrogen LY117018, which binds
with the same affinity as 17 ÃŸ-estradiolto the estrogen receptor
( 18), or with 17 0-estradioI. For the last 6 h of the incubation
period, the cells were incubated in media containing either [35S]
methionine or ["Sjcysteine. When conditioned media from
these cultures was electrophoresed on SDS-polyacrylamide re
ducing gels, a protein with an apparent molecular weight of
39,000 was markedly induced in the media from cells exposed
to antiestrogens (Fig. 1). This protein can account for as much
as 26% of the total labeled protein when maximally induced.
The antiestrogens, LY117018 and 4-hydroxytamoxifen, as well
as tamoxifen, induced this band. As reported previously, a M,
52,000 protein is induced by 17/3-estradiol in the [35S]methio-
nine-labeled gel (6). A M, 7000-8000 cysteine-labeled protein
that corresponds to the predicted molecular weight of pS2
mRNA described by Maisiakowski et al. (8) is also induced and
detected with labeled cysteine and, as expected, is strongly
inhibited by antiestrogens (Fig. 1).

Berthois et al. have recently noted that phenol red, which is
used as a pH indicator in tissue culture media, is structurally
similar to some nonsteroidal estrogens and has significant
estrogenic activity at the concentrations at which it is found in
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the media (19). When the [35S]cysteine-labeled conditioned

media experiments are repeated after removing phenol red from
the media, antiestrogens no longer increase the secretion of the
Mr 39,000 protein above that of control cells (Fig. 2). No
difference is seen in the rate of cell proliferation in control
versus antiestrogen-treated cells when phenol red is removed

from the media (19).
Dose Response of M, 39,000 Protein to 17 0-Estradiol. The

growth stimulation of the MCF-7 human breast cancer cells
occurs in a dose dependent manner with optimal stimulations
occurring at 10~'Â°M estradici and above in IMEM media

containing no phenol red. The inhibition of the secretion of the
M, 39,000 protein can be seen when the cells are stimulated by
estradiol (Fig. 3). When the dose response of the M, 39,000
protein complex is examined, the inhibition of the M, 39,000
protein follows a dose response similar to that of cell prolifer
ation with a 6-fold decrease in the amount secreted at 10~'Â°M

estradiol. As a control for estrogen stimulation, the secretion
of the M, 8000 protein is displayed. This protein has a similar
dose response in that 10~'Â°M estradiol induces the protein 9-

fold. Thus when all available sources of estrogen are removed,
the MCF-7 breast cancer cells secrete large amounts of a M,

39,000 protein. This secretion is inhibited when the cells are
once again exposed to estradiol.

Time Course of the M, 39,000 Protein Secretion. When the
time course of estrogen and antiestrogen regulation of the M,
39,000 protein is examined (Fig. 4), effects are first noticed
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Fig. 1. Effect of 17/J-estradioI (E7), 4-hydroxytamoxifen (OHTAM), and
LY117018 (Â¿JOon secreted proteins in MCF-7 cells. Cells were incubated in
IMEM supplemented with 5% CCS containing IO"7M 4-hydroxytamoxifen, 10"'
M LY117018, 10~7M estradiol, or ethanol vehicle (control) for 3 days in 25-mm
dishes at 37'C. For the final 6 h, the medium was replaced with methionine-free
IMEM supplemented with the appropriate steroid plus 167 Â«<V mI [35S]methio-
nine, 0.15 mg/liter methionine for methionine gel (A) or 200 Â¿iCi/ml[35S]cysteine
and 0.24 mg/liter cystine for the cysteine gel (/>').For the methionine gel, 30,000
ilpiu (trichloroacetic acid-precipitable [3;S]methionine counts) were analyzed on
10% 1.5-mm SDS-polyacrylamide gel (A). For the cysteine gel, 40 Â¿il["SJcysteine-
labeled medium is analyzed on a 15% polyacrylamide gel (B). Molecular weights
were estimated with 14C molecular weight standards (Amersham Searle). K,

molecular weight in thousands; C, control.

I l l</*o x
*v/

Fig. 2. Effect of 17/3-estradiol (Ej), 4-hydroxy-tamoxifen (OHTAM), and
LY 117018 (LY) on secreted proteins in MCF-7 cells in phenol red-free media.
MCF-7 cells were incubated in IMEM supplemented with 5% CCS without
phenol red containing IO"8 M estradiol, IO'7 M 4-hydroxytamoxifen, or ethanol
vehicle (control) for 3 days at 37'C. For the last 6 h, cells were labeled with 200
iiCi/ml ("Sjcysteine. Medium was dialyzed and 50 n\ were applied to 12.5% SDS-

polyacrylamide reducing gels. A. molecular weight in thousands; C, control.
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Fig. 3. Dose response of the induction of secreted proteins from MCF-7 cells
to 170-estradiol I/-..). MCF-7 cells were incubated in phenol red-free IMEM
supplemented with 5% CCS containing 10"7M LY117018 (L Y)or ethanol vehicle
(control), or various concentrations of estradici in 25-mm dishes for 3 days. For
the last 6 h, cells were labeled with 200 pCi/ml ("Sjcysteine. Media were dialyzed
and SO/il were applied to 15% SDS-polyacrylamide gels as described in "Materials
and Methods." The ("S]cysteine incorporation into the M, 39,000 band and the

M, 8,000 band is expressed as a percentage of the total secreted proteins. Estrogenstimulation ranged from 180% for l n *M estradici to 148% for 10~" M estradici

in total trichloroacetic acid-precipitable cysteine counts. LYI17018 inhibited
counts by 82% of control. K, molecular weight in thousands.

LY 117018

TIME (Days)

Fig. 4. Time course of the response of the M, 39,000 secreted protein to
LY 117018 and 170-estradiol (/ , ) MCF-7 cells were incubated in phenol red-free
IMEM supplemented with 5% CCS containing 10 " M estradici, io ~ M

LYI 17018, or ethanol vehicle for various time points in 25-mm dishes. For the
last 6 h, cells were labeled with 200 Â¡<(i ml [15S]cysteine. Labeled medium was
dialyzed and 40 tÂ¡\were applied to 15% SDS-polyacrylamide gels. The amount
of M, 39,000 protein secreted is expressed as a percentage of the total secreted
proteins ("Materials and Methods"). Estradici stimulated total precipitale cys

teine counts by 175% and LYI 17018 inhibited them by 86%.

within 18 h of estrogen treatment. Minimal effects of antiestro-
gen on the secretion of the M, 39,000 protein are seen through
out the time course since phenol-red free medium is used. When
cells are treated with 17 /3-estradiol, the level of M, 39,000
protein secretion decreases to 50% of control values and effects
can be seen as early as 18 h. The amount of M, 39,000 protein
is down to 8% of total secreted proteins by 72 h. Estradici is
also capable of reversing the effect of LYI 17018 on the M,
39,000 protein within 24 h (data not shown).

Characterization of the M, 39,000 Protein. Since antiestrogens
are known to cause growth arrest and a decrease in intracellular
enzymes, the secretion of this M, 39,000 protein might simply
reflect a nonspecific cellular response to growth inhibition. To
test this possibility, we incubated MCF-7 cells stimulated with
IO"8Mestradici with 5 units/ml tumor necrosis factor which is
known to inhibit growth in MCF-7 cells (20). We were still able
to see an inhibition of the M, 39,000 protein by estrogen (Fig.
5). We also incubated MCF-7 cells with IO"6Mdexamethasone

which is known to inhibit cell growth (21). This hormone did

39K â€”

â€” 92

â€” 43

â€” 30

\ - 14

Fig. 5. Effect of dexamethasone (DEX) and tumor necrosis factor (TNF) on
secreted proteins. MCF-7 cells were incubated in phenol red-free IMEM supple
mented with 5% CCS plus 10~' M 170-estradiol (Â£,)for 48 h and 5 units/ml
tumor necrosis factor for 24 h. In dexamethasone-treated cells, IO" M dexameth

asone is added for 48 h. For the last 6 h, cells were labeled with 100 pCi/ml
("Sjcysteine as described previously. Labeled media was dialyzed and 50,000 dpm
were applied to 15% polyacrylamide gels. In these experiments, dexamethasone
treatment caused a 68% decrease below control and tumor necrosis factor caused
a 59% decrease below estradici treatment on cysteine incorporation into trichlo
roacetic acid-precipitable counts. K, molecular weight in thousands; C, control.

not increase the amount of M, 39,000 protein secreted above
control values, and in some cases a small decrease was noted.
Thus we conclude that secretion of the M, 39,000 protein is
not the result of a nonspecific induction caused by slowing of
cell growth.

To resolve the broad band at M, 39,000 into discrete molec
ular weight species and to determine the protein isoelectric
points, two-dimensional gel analysis was undertaken (Fig. 6).
The M, 39,000 protein complex was resolved into 4 polypep-
tides. The two major components migrate to a pH range be
tween 5.5 and 6.3. Since an apparent broad pi value is often
typical of glycoprotein complexes, MCF-7 cells were incubated
with tunicamycin to inhibit glycosylation and then were labeled
with [35S]cysteine.Fig. 7 shows polyacrylamide gels of both
estrogen- and antiestrogen-treated conditioned media from
MCF-7 cells with and without tunicamycin treatment. In the
MCF-7 cells incubated with LYI 17018, the antiestrogen-in-
duced protein no longer migrated at M, 39,000 after tunica
mycin treatment while no change was seen in this region in the
estrogen-treated cells. Additional evidence for this protein com
plex as a glycoprotein is provided by the observation that it
binds tightly to Con A-Sepharose. When conditioned medium
from cells incubated with antiestrogens is incubated with Con
A-Sepharose, the M, 39,000 protein complex specifically binds
to the Con A-Sepharose (data not shown).

1236

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/5/1234/2430137/cr0470051234.pdf by guest on 19 M

ay 2023



â€¢WÃ' .* T â€¢â€¢-"

MW

69

43

30

ESTROGEN-INHIBITED M, 39,000 GLYCOPROTEIN IN BREAST CANCER

Isoelectric pH E2 Treated LY117018Treated

7 5
I I

â€¢t
67

43

14 â€”

A. CONTROL

I

I

69 â€”

43 â€”

30 â€”

14 â€”

B. ANTIESTROGEN

Fig. 6. Two-dimensional analyses of secreted proteins. MCF-7 cells were
incubated in IMEM supplemented with 5% CCS and 100 nM LY117018 (B) or
ethanol vehicle control (A) for 4 days. For the last 6 h, cells were labeled with
200 /iCi/ml ("Sjcysteine as described previously. Proteins were separated on
isoelectric focusing gels (3.5 to 9.5) in the first dimension and on 15% SDS gelsas the second dimension. A/H '. molecular weight.

DISCUSSION

17 /3-Estradiol and its interaction with estrogen receptors
have been studied in depth in breast cancer to better understand
the proliferative effect of estradici and the mechanism by which
antiestrogens can reverse this effect. Specific estrogen-induced
secreted mitogenic proteins have been identified. These proteins
may act in an autocrine or paracrine manner. Rochefort et al.
(6, 7) have identified and purified a M, 52,000 glycoprotein
which is under estrogen control and stimulates MCF-7 cell
proliferation. This protein accounts for only part of the mito
genic activity since the cell growth rate does not reach the level
obtained with estradiol. Other growth factors that also are
increased in the presence of estradiol are n -transforming growth
factor and insulin-like growth factor (3-5).

Another mechanism by which estradiol may induce a mito
genic response is by turning off inhibitory factors that act to
control cell cycling. Antiestrogens competitively bind to the
estrogen receptor and cause growth arrest with accumulation
of cells in the GI phase of the cell cycle (11). The production
of inhibitory factors may be involved in this growth arrest. Thus
the induction of the M, 39,000 protein may be such a factor.

â€”39 kDaâ€”

30

- +

Tunicamycin

- +

Tunicamycin
Fig. 7. Effect of tunicamycin on secreted proteins. MCF-7 cells were incubated

in IMEM supplemented with 5% CCS plus either IO"' M 17/3-estradiol (E?) (A)
or IO'7 M LY117018 (A) in 35-mm dishes. Twenty-four h prior to harvesting, 2

Â»ig/mltunicamycin were added to one-half of the cell cultures. For the last 5 h,
cells were labeled with 100 nCi/ml ["S]methionine as described previously and

an aliquot of extracted proteins containing 40,000 dpm (trichloroacetic acid
precipitable counts) was electrophoresed on a SDS reducing gel. Tunicamycin
treatment has no effect on the methionine incorporation into trichloroacetic acid
precipitable counts (data not shown). kDa, molecular weight in thousands.

We have shown that MCF-7 cells secrete a major M, 39,000
glycoprotein in the presence of antiestrogens and in control
cells when phenol red is removed from the cell culture media.
This protein is under estrogenic control since within 24 h of
the addition of 17 Â¿f-estradiol,this glycoprotein is no longer
secreted. It is inhibited by concentrations of 17 0-estradiol as
low as 10"" M. The M, 39,000 glycoprotein is specifically

induced by competitive removal of estrogens and not by other
inhibitory hormones or through growth arrest of the cells. It
has been identified as a glycoprotein both by Con A chroma-
tography and by altering its molecular weight through inhibi
tion of glycosylation with tunicamycin. The large M, 39,000
protein complex that appears on a one-dimensional SDS gel
can be resolved into 4 discrete proteins with isoelectric points
between 5.5 and 6.3. It accounts for as much as 26% of total
secreted proteins in both cysteine- and methionine-labeled me
dia under antiestrogen control. This protein may be useful ;';;

vitro or even in vivo in the cancer patient as a phenotypic marker
for antiestrogen responsiveness. Future work will attempt to
define the functional significance of this protein.
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