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ABSTRACT

Transforming growth factor ÃŸ(TGF0), a two-subunit M, 25,000 poh -
peptide, inhibits growth of several epithelial human cancer cell lines and
has been proposed as an autocrine growth inhibitor. IGF/3 activity has
been found in conditioned media from some breast cancer cell lines, and
TGF/3 niR.NA has been detected in breast cancer cell lines and human
breast cancer specimens. In the present study we attempted to character
ize the interaction of TGF/S with breast cancer cells by examining the
biological activity, receptor binding, and secretion of this polypeptide by
a panel of estrogen receptor (ER)-positive and ER-negative human breast
cancer cell lines. Growth of the four ER-negative lines, MDA231,
MDA330, HS578T, and BT20, was exquisitely sensitive to TGF0. Dose-
dependent inhibition of monolayer growth, anchorage-independent
growth, and of |3H]thymidine incorporation was observed with TGF/3
concentrations ranging from 1 to 100 pM. Growth of the four ER-positive
lines, T47D, ZR75-1, and two MCF7 lines from different laboratories,
was unaffected by similar concentrations of TGF/?. In receptor-binding
studies using 125I-TGF/3,the four ER-negative lines exhibited specific
high affinity TGF/? receptors. Binding was a time- and temperature-
dependent process. Scan-hard analysis of the binding data showed be

tween 2800 and 12900 receptor sites per cell and a Adbetween 29 and
160 pM. Epidermal growth factor, insulin, insulin-like growth factors I
and II, and transforming growth factor a did not compete for I25I-TGF/?
binding. Chemical cross-linking studies with ER-negative breast cancer
cells revealed three specific TGF/? receptors with molecular weights
approximating 400,000, 92,000, and 69,000. The four ER-positive lines
had no detectable TGF/? binding. Using a radioreceptor assay with A549
cells and a NRK bioassay, TGF/3 activity was detectable in the condi
tioned media from the four ER-negative cell lines; media from the ER-
positive lines had low levels of TGF/3 activity. In summary, ER-negative,
estrogen-independent cultured human breast cancer cells have receptors
for, are inhibited by, and secrete TGF/? activity, suggesting the possibility
that this polypeptide may function as an autocrine growth inhibitor or as
a paracrine growth factor for tumor stromal cells.

INTRODUCTION
TGF/34 is a two-subunit M, 25,000 polypeptide first recog

nized for its ability to promote growth in soft agar of normally
anchorage-dependent cells (1,2). TGF/? has been isolated from
a variety of sources, including bovine kidney, human platelets,
human placenta, and medium conditioned by virally trans
formed cells (3-7). The presence of TGF/3 activity, determined
by induction of colony formation of benign fibroblasts in semi-
solid media and by TGF/3 radioreceptor assay, has been found
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in the conditioned media of human cancer cell lines including
breast cancer cells (8, 9).

TGF|8 has been reported to have a variety of effects on
cultured cells. Growth of cells derived from mesenchymal tis
sues, such as fibroblasts, is stimulated by TGF/3 (1, 2). In
contrast, TGF/3 has been reported to inhibit cells derived from
epithelial tissues including cultured human cancer cell lines (10,
11). Specific high affinity TGF/3 receptors have also been iden
tified in many cell lines (12-15).

TGF/3 is identical to a growth inhibitor identified in monkey
kidney cells which appears to inhibit growth by an autocrine
mechanism (16). Furthermore, cultured cells that secrete large
amounts of TGF/3 activity can be inhibited by exogenous TGF/3
or by acid activation of the constitutively secreted products (17).
This suggests that the secreted activity may be in a latent form
that requires activation to achieve full biological effects. The
cumulative data support the hypothesis that TGF/3 may be an
important autocrine growth inhibitor for both normal and
malignant cells. The detection of TGF/3 mRNA in human
cancer cell lines and biopsy specimens (18, 19) supports a
possible role for TGF/3 in the regulation of cancer growth in
vivo.

In the present studies we have examined the interaction of
TGF/3 with a panel of hormone-dependent and hormone-inde
pendent breast cancer cell lines. We have found that ER-
negative, hormone-independent breast cancer cells have recep
tors for, are inhibited by, and secrete TGFÃŸactivity, supporting
the possibility that this polypeptide is an autocrine growth
inhibitor for human breast cancer.

MATERIALS AND METHODS

Cells and Cell Culture. The MDA231, MDA330, HS578T, ZR75-1,
A549, and NRK-49F cell lines were obtained from the American Type
Culture Collection (Rockville, MD). the MCF7 line was originally
obtained from Dr. H. SoÃ»leat the Michigan Cancer Foundation and
has been in culture in our laboratory since 1977. The MCF7 cells used
were at least passage 300. The MCF7-L line was supplied by Dr. M.
Lippman (National Cancer Institute) in 1985, the BT 20 line was
supplied by Dr. W. L. McGuire (University of Texas Health Science
Center at San Antonio), and the T47D line was supplied by Dr. D.
Edwards (University of Colorado). All breast cancer cells were passaged
in IMEM (Irvine Scientific, AlamosÂ»,CA) supplemented with 5-10%
PCS (GIBCO Laboratories, Grand Island, NY) and 10 nM insulin (Eli
Lilly Research Laboratories, Indianapolis, IN), and all were routinely
tested for Mycoplasma contamination. The A549 cell line was passaged
in DMEM supplemented with 10% FCS and the NRK-49F line in
DMEM plus 5% FCS and 0.1 HIM nonessential amino acids (all
GIBCO).

Growth Factors and Hormones. Platelet-derived TGF/3 (4) was pro
vided by Dr. M. Sporn (NIH). Bone-derived TGF0 (6) was provided by
Dr. S. Seyedin (Collagen Corp., Palo Alto, CA). These TGF/3 prepa
rations were equipotent in a receptor-binding assay and in a NRK
colony-forming assay. '"I-TGF/3 (platelet-derived) was iodinated by a
modified chloramine-T procedure (20) and was provided by Dr. L.
Wakefield (NIH). EGF (derived from mouse submaxillary gland) was
purchased from Collaborative Research Laboratories (Lexington, MA).
Recombinant human transforming growth factor a (TGFa) was pro-
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vided by Dr. R. Derynck (Genentech, Inc., San Francisco, CA). Human
insulin was purchased from Eli Lilly Research Laboratories. Insulin-
like growth factor I was purchased from Amgen Biologicals (Thousand
Oaks, CA), and insulin-like growth factor II was supplied by Dr. C. H.

Li (University of California at San Francisco).
Monolayer Growth Assay. Breast cancer cells were plated in 6-well

tissue culture plates (Corning Laboratories, Houston, TX) at a density
of 1-2 x IO4cells per well in IMEM containing 5% FCS and variable

concentrations of TGF/3 ranging from 1 to 100 pM. Media and TGF/3
were changed every 3 days. Cell counts were determined in triplicate
after suspending the cells with 1 mM EDTA on day 8.

Anchorage-independent Growth Assay. In 35-mm tissue culture
dishes (Corning) a 1-ml top layer containing a single cell suspension (3
x IO3cells) in 0.8% agarose (Sea-Plaque, FMC Corp., Rockland, ME),

IMEM/10% FCS, and different concentrations of TGF|8 were added
to an already hardened bottom layer of 1 ml of 0.8% agarose, IMEM/
10% FCS, and 10 mM HEPES (GIBCO). All determinations were done
in triplicate. Dishes were incubated in a 5% COz atmosphere at 37Â°C

and colonies measuring >!(.)() ^m were manually counted with an
inverted microscope after 10-14 days.

DNA Synthesis. Cells were plated in 6-well tissue culture plates
(Corning) at a density of 5-10 x IO4 cells per well in their regular

growth medium. After 24 h, the medium was removed and replaced by
serum-free IMEM (2 ml/well). Twenty-four h later variable concentra
tions of TGF/3 (1 pMâ€”1nM) were added. AFter 23 h, 0.25 n& of [3H]-

thymidine (82.3 Ci/mmol; NEN Products, Boston, MA) in a volume
of 25 n\ were added to each well for a 1-h pulse. Cells were harvested
and the rate of DNA synthesis was estimated by measuring the acid-
precipitable radioactivity as described previously (21). Radioactivity
was quantified on a Beckman LS 7000 liquid scintillation counter with
an efficiency of 64%.

Receptor-binding Studies. Breast cancer cells were grown to near
confluence in 24-well tissue culture plates (Corning). After an overnight
incubation in IMEM/0.5% FCS and after 3 washes with binding buffer
(IMEM, 0.1% BSA, and 25 mM HEPES, pH 7.4), the confluent
monolayers were incubated with 50 pM 125I-TGF|8plus various concen
trations of unlabeled TGF/3 (2 pMâ€”20 nM) or other competitor in a
total of 200 ÃŸlof binding buffer at the temperature and time indicated
in the figures. When the incubation was complete, the cells were washed
3 times with ice-cold PBS/0.1% BSA and then solubilized with 1 ml of
Triton X-100 solution (pH 7.4) as described previously (21). Cell-
associated radioactivity was determined in a Tm Analytic 1185 gamma
counter with an efficiency of 78%. Nonspecific binding was defined as
the radioactivity remaining bound in the presence of excess unlabeled
TGF/3 (20 HM).The experiments at 37Â°Cwere done in the presence or

absence of 20 HIMammonium acetate, a lysosomal inhibitor, in order
to assess if degradation of the ligand was intracellular. Degradation of
the ligand was measured as the trichloroacetic acid-soluble fraction in
the media. Binding experiments were done at least twice with each
individual cell line.

In order to determine the presence of occupied TGF/3 receptors, cells
were acid washed with 0.1% acetic acid, 150 mM NaCl, 0.5% BSA, pH
3.7, prior to incubation with labeled hormone (22, 23). Cell-associated
radioactivity was compared to that determined prior to acid washing.

Affinity Labeling Studies. Confluent monolayers of MDA231 and
MDA330 cells were incubated in 6-well tissue culture plates with 100
pM '"-TGF/S with and without 10 nM unlabeled TGF/3. AFter 4 h at
4Â°C,the monolayers were washed with cold binding buffer, and the

cross-linking agent DSS (0.25 mM) (Pierce, Rockford, IL) was added
for 15 min. The cross-linking reaction was quenched by adding 0.25 M
sucrose, 10 HIMTris, pH 7.0, 1 mM EDTA, 0.1 mM phenylmethylsul-
fonyl fluoride, l Â¿ig/mlpepstatin, l tig/mi leupeptin, and the cells were
harvested by scraping. The suspended cells were collected by centrifu
gal ion in the cold at 12,000 x g for 10 min and extracted with Triton
X-100 as described by Masague and Like (13). The detergent-soluble
fractions were subjected to SDS polyacrylamide gel electrophoresis (5-
10% SDS gradient) as previously described (24). The gels were stained
with 0.25% Coomassie blue, destained with 7% acetic acid, dried, and
exposed to Kodak XAR-5 X-ray film at -70Â°Cfor 2 days.

TGF/8 Activity in Conditioned Medium. Cells were grown to near

confluence in serum-containing media in 1-150 flasks. The monolayers
were washed 3 times with PBS/0.1% BSA and incubated in IMEM
containing transferrin (2 mg/liter) and fibronectin (2 mg/liter) (Collab
orative Research) for 72 h at 37*C in a 5% COz incubator. The media

were then harvested and aprotinin (20 trypsin inhibitor units/ml; Sigma
Chemical Co., St. Louis, MO), 0.2% (v/v) (8), and pepstatin, 1 ^g/ml
(Boehringer Mannheim Biochemicals, Indianapolis, IN) were added.
After centrifugation at 3000 rpm for 15 min the media were dialyzed
against 200 volumes of 0.1% acetic acid at 4Â°Cin Spectrapor 3 dialysis

tubing (M, 3500 cutoff). The media were then lyophilized, reconstituted
in 4 mM HC1/0.1% BSA, and stored at -70*C. A fraction of the

conditioned medium from MDA231 cells was dialyzed against PBS
and reconstituted in a neutral buffer for further comparisons with the
acid-extracted conditioned medium. After collection of conditioned
media (250 ml or 10 T-150 flasks per cell line) the cell monolayers
were harvested and counted for further standardization of TGF/3 activity
in the media. Viability, as determined by Trypan blue dye exclusion,
was consistently >90%. Cell counts at harvest always reflected at least
a 2-fold increase compared to the cell counts when the monolayers
were initially changed to serum-free medium, indicating continued cell
proliferation under these conditions. In some experiments, the MCF7L
line was grown for 7 days in phenol red-free IMEM supplemented with
5% charcoal-stripped calf serum to reduce the estrogen concentration.
The medium was changed to phenol red-free serum-free IMEM con
taining 1 pM tamoxifen (Stuart Pharmaceuticals, Wilmington, DE) plus
transferrin and fibronectin as described above for collection of condi
tioned medium.

TGF/i activity in the conditioned media was determined in a NRK
anchorage-independent growth assay and a '"I-TGF/3 radioreceptor
assay. The NRK assay was performed in 35-mm tissue culture dishes.
A 1-ml top layer containing 0.8% agarose, DMEM-10% FCS, 100 n\
of conditioned media, and 3 x IO3NRK cells was added into an already
hardened bottom layer of DMEM-10% FCS, 10 mM HEPES, and
EGF, 10 ng/ml All determinations were done in triplicate. Dishes were
incubated in a 5% CO; atmosphere at 37Â°Cand colonies measuring

> 1(10Â¿imwere manually counted with an inverted microscope after 10-
14 days.

The TGF/3 radioreceptor assay was performed as described previously
(8, 20). In brief, 12 x IO4 A549 cells per well were plated in 24-well
tissue culture plates in DMEM containing 10% FCS. Forty-eight h
later the confluent monolayers were rinsed 3 times with binding buffer
(DMEM, 0.1% BSA, 25 mM HEPES, pH 7.4) and incubated in the
presence of 50 pM '"I-TGF/3 and various concentrations of unlabeled
TGF/3 (2 pMâ€”10 nM) in 200 >i\of binding buffer. After 2 h at 22'C,

the cells were washed 3 times with cold PBS/0.1 % BSA and solubilized
with Triton solution (pH 7.4) as described previously (20). Cell-asso
ciated radioactivity was determined in a gamma counter. The concen
tration of TGFp' in conditioned media was calculated by interpolation

on the standard competition curve with unlabeled hormone and was
expressed as TGF/3 equivalents per 10' cells.

Statistical Methods. Results are presented graphically as percentage
of control or percentage of survival. However, statistical analyses were
performed by using individual cell counts. All cell counts were trans
formed by taking the natural logarithm prior to performing any statis
tical analyses in order to stabilize variances and to satisfy conditions of
normality.

Dose-response relationships were examined within a cell line by
comparing mean transformed cell counts under control conditions and
the various concentrations. Analysis of variance followed by Neuman-
Keul's multiple comparisons procedures were used to obtain levels of

statistical significance.

RESULTS

Biological Activity of TGF/3 in Breast Cancer Cells. In mono-
layer growth assays, 3 of 4 ER-negative breast cancer cell lines
showed dose-dependent inhibition by picomolar concentrations
of TGF0 (Fig. 1). No obvious morphological differences in
duced by TGF/9 were observed. The ER-negative MDA330 cell
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line was unaffected by TGFÃŸwhen growing in monolayer. None
of the 4 ER-positive cell lines showed significant dose-depend
ent inhibition by concentrations of TGFÃŸranging from 1 to
100pM(Fig. 1).

Similar results were obtained in anchorage-independent
growth assays (Fig. 2). All 3 ER-negative breast cancer cell
lines tested, including MDA330, showed statistically significant
dose-dependent inhibition of colony formation in soft agarose
with TGFÃŸ.Three of 3 ER-positive cell lines were unaffected
by similar concentrations of TGFÃŸ.The HS578T and the T47D
lines could not be evaluated since they did not form adequate
colonies in soft agarose either in the presence or absence of
TGF/3.

All cell lines were also evaluated in thymidine incorporation
assays (Fig. 3). Three of 4 ER-negative cell lines showed marked
dose-dependent inhibition of DNA synthesis by TGFÃŸ.Maxi
mal inhibition was observed with a concentration of only 100

120100-80-60-40-20**

''Ã‰'^^^ MDA350^?"-~~-,.

BT20^\Ts5MDA

231ER-NegativeM

: . .

l K) BÃ– l K) 100

TGF/Ã®Concentration (pM)

Fig. l. Effect of TGF/3 on monolayer growth of breast cancer cells. Cultured
cells were grown in monolayer in IMEM containing 5% PCS without and with
various concentrations of TGFtf. Media and TGF/3 were changed every 3 days.
Cell counts were determined on day 8. Points, triplicate determinations. All SE
were <10%. At the highest concentration of TGFÃŸ,only the BT20, HS578T, and
MDA231 lines were significantly different (/' < 0.05) than control.

Â«-Negative
â€”Â«MCF-7L

â€¢â€¢bZRTS-1

100 1 TO XX)

TGFÃŸConcentration (pM)

Fig. 2. Effect of TGFÃŸon anchorage-independent growth of breast cancer
cells. A single cell suspension was cloned in 0.8% soft agarose containing IMEM,
10% FCS, and 10 mM HEPES. Colonies measuring >100 jim were manually
counted after 10-14 days. All determinations were done in triplicate dishes. All
SE were <10%. At the highest concentration of TGF/3, only the MDA330, BT20,
and MDA231 lines were significantly different (P < 0.05) than control.

â€¢T47D
Â«MCF-7L
'AMCF-7

OZR75-1

0.001 0.001 0.01 0.1 1.0
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Fig. 3. Effect of TGFÃŸon DNA synthesis in breast cancer cells. Cells were
grown in serum-free media in 6-well tissue culture plates without and with various
concentrations of TGF/3. DNA synthesis was estimated at 24 h as the percentage
of tritiated thymidine incorporation after a 1-h pulse of [3H]thymidine. Points,

triplicate wells. All SE were <10%. At the highest concentration of TGFÃŸ,only
the MDA330, MDA231, and HS578T lines were significantly different (P <
O.OS)than control.

P.M. The BT20 cells were not inhibited in this assay despite
showing sensitivity to TGFÃŸin the growth assays. The 4 ER-
positive lines were unaffected by concentrations of the hormone
as high as 1 nM. The modest inhibition of ZR75-1 cells was not

statistically significant. These results were the same whether
the cells had been grown in phenol red-free medium supple
mented with charcoal-stripped calf serum or in phenol red-
containing medium with unstripped serum. A third MCF7 line,
obtained from Dr. C. McGrath at the Michigan Cancer Foun
dation (25), was also unaffected by exogenous TGFÃŸin the
anchorage-independent growth and the thymidine incorpora
tion assay (not shown).

Thus, using 3 different growth assays, ER-negative, estrogen-

independent human breast cancer cells were selectively inhibited
by low concentrations of TGF/3. Interestingly, all 3 of the ER-
positive cell lines tested (MCF7, MCF7-L, and ZR75-1) dem

onstrated clear growth inhibition by tamoxifen despite being
resistant to TGFÃŸ(data not shown).

Receptor-binding Studies. The 4 ER-negative lines, MDA330,
MDA231, HS578T, and BT20 exhibited specific high affinity
receptors for TGF|8. Binding of I25I-TGF|8 was time and tem
perature dependent. The time course of binding of 50 pM 125I-
TGFÃŸto MDA231 cells at 0Â°Cand at 37Â°Cis shown in Fig.
4A. At 0Â°Cmaximal specific binding was observed after 2 h of

incubation, and it remained stable from 2 to 4 h. Binding was
more rapid at 37Â°Cwith maximal binding occurring at 1 h;
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Fig. 4. A, time and temperature dependence of specific binding and degrada
tion of TGF/3 by breast cancer cells. Confluent monolayers of MDA231 cells were
incubated with 50 pM '"I-TGF/3 at O'C and 37'C. At various time intervals, the

medium was removed from the wells and counted, and the percentage of total
radioactivity in the medium that was not precipitated by TCA ( ) was
determined. Monolayers were harvested and specific cell-associated radioactivity
( ) was measured. Nonspecific binding was determined by using a 100-fold
excess of unlabeled TGF/3 (5 nM). Determinations were done in triplicate wells.
All SE were <10%. B, degradation of TGF/3 by breast cancer cells. Confluent
monolayers of MDA231 cells were incubated with 50 pM '"I-TGF/3 at 37'C in
the presence or absence of 20 mM ammonium acetate. Specific cell-associated
radioactivity ( ) and degradation of '"I-TGF/3, measured as the trichloroacetic
acid-soluble fraction in the media ( ), were determined at various time
intervals. Points, means of triplicate determinations. All SE were <10%.

3900

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2431861/cr0480143898.pdf by guest on 19 M

ay 2023
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specific binding decreased by 25% at 4 h. This may be partially
explained by progressive degradation of the radioactive ligand
at 37Â°C.TGF/3 degradation was time and temperature depend

ent. Most of the labeled hormone remained intact for up to 4 h
at 0Â°C.At 37Â°C,42% of the labeled hormone appeared as

trichloroacetic acid-soluble radioactivity in the medium at 4 h.
Similar results were observed with the MDA330 cell line (data
not shown).

When MDA231 cells were incubated at 37Â°Cwith 50 pM
1"I-TGF/3 in the presence of 20 HIM ammonium acetate, a

lysosomal inhibitor, a decrease in specific binding over time
was not observed (Fig. 4B). Degradation of the radioactive
ligand was also less under these condition, suggesting that it is
mediated by lysosomal enzymes in the breast cancer cells.

Competitive binding data are shown in Fig. 5. When binding
data were standardized to 2 x 10* cells, these cell lines bound
from 10.1% (BT20) to 13.7% (HS578T) of the added radiola-
beled hormone (50 pM 125I-TGF0). Nonspecific binding was

relatively high and ranged from 25 to more than 50% of the
total binding, similar to other studies (12, 13, 20). This may
partially reflect the marked propensity for TGF/3 to attach to
plastic surfaces (13). The ratio of the amount of 125I-TGF/3

specifically bound by breast cancer cells to that bound by an
equivalent number of A549 lung carcinoma cells, a known
TGF|8 target, varied from 0.30 (BT20) to 0.72 (MDA231).
Scat chard analysis of the binding data using increasing concen
trations of 125I-TGF/3showed between 2800 and 12900 receptor

sites per cell and a KÂ¿ranging from 29 to 160 pM for these 4
ER-negative lines (Table 1; Fig. 6). These binding constants are
similar to those previously reported for breast cancer cell lines
and for the A549 cells (15, 17). Consistent with the lack of an
effect on growth, none of the ER-positive lines had detectable
TGF/3 binding.

Binding specificity was assessed by competitive binding stud
ies by using various concentrations of unlabeled TGF0 or other
growth factors and hormones. Only unlabeled TGF/3 signifi
cantly inhibited binding of 125I-TGF|8 to MDA231 and
MDA330 cells in a dose-dependent manner (Fig. 7). Even high
concentrations of EGF, TGFa, insulin, insulin-like growth

â€¢55
Â«sa. 10-

s feâ€¢5-2-
5-

0.002 0.02 0.2 20

TGF/3 Concentration (nM)
Fig. 5. Binding of TGFÃŸto ER-negative breast cancer cells. Confluent mono-

layers of cells in 24-well tissue culture plates were incubated for 4 h at 4'C with
50 pM '"I-TGF/3 plus various concentrations of unlabeled TGF/3 (2 pM-20 nM).

Binding buffer was IMEM, 0.1% BSA, and 25 mM HEPES, pH 7.4. After 4 h,
monolayers were washed 3 times with cold PBS/BSA and solubilized. Cell-
associated radioactivity was determined in a gamma counter. All experiments
were done in duplicate. Percentage of '"I-TGF/3 bound has been normalized to 2
X 10' cells. All SE were <10%.

Table 1 Binding profiles of TGFÃŸin human breast cancer cells
Confluent monolayers of breast cancer cells in 24-well tissue culture plates

were incubated for 4 h at 4*C with 50 pM '"I-TGF/3 and various concentrations

of unlabeled hormone. Nonspecific binding was determined by using 20 nM
unlabeled TGF/3. All determinations were done in duplicate wells. Competitive
binding data were subjected to Scale-hard analysis. Ratio represents the relative
binding of '"I-TGF/3 compared to that bound by an equivalent number of A549

lung carcinoma cells.

Cell line ER (pM) Sites/cell Ratio

A549MDA231HS578TBT20MDA330T47DZR75-1MCF7MCF7-LND"206029130160Â±++*4,30012,9007,4002,8005,2001.00.720.580.300.550000

' ND, not done.
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Fig. 6. Scatenarci analyses of saturation binding experiments of TGF0 recep
tors on HS578T, MDA231, MDA330. and BT20 cells. Confluent monolayers of
cells were incubated in 24-well tissue culture plates for 4 h at 4'C with various
concentrations of ' "I-TGF/3 (5-600 p\i). Nonspecific binding was calculated in
the presence of a 70-fold excess of unlabeled TGF/3. After washings, specifically
bound '"I-TGF/3 was measured. Determinations were done in duplicate wells.

factor I, and insulin-like growth factor II did not compete for
'"I-TGF/3 binding.

Dissociation of TGF/3from Breast Cancer Cellular Receptors.
To look for cryptic receptors or receptors bound by exogenously
secreted TGF/3,MDA231 and MCF7 cells were acid washed as
described in "Materials and Methods" to dissociate bound

TGF/3 and then were incubated with labeled hormone. When
cells were first incubated with excess unlabeled TGF/3 (5 nM)
and then acid washed, subsequent binding of 125I-TGF|8was

identical to that in cells not preincubated with excess hormone,
indicating that these conditions were sufficient to dissociate
bound material. Binding was slightly higher with acid-washed
MDA231 cells (Table 2), raising the possibility that endogenous
TGF/3 was occupying a proportion of surface receptors. How
ever, even after acid washing, binding was still undetectable in
both MCF7 lines, suggesting that the failure to detect binding
was not due to receptor occupancy by secreted TGF/3.

Affinity Labeling Studies. To further characterize the TGF/3
receptors in the ER-negative breast cancer cells, cell monolayers
were incubated with '"I-TGF/3 and then with the cross-linking
reagent DSS. When analyzed by SDS polyacrylamide gel elec-
trophoresis under nonreducing conditions, the MDA231 and
MDA330 cells exhibited a major band of specificTGF/3binding
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Fig. 7. Specifity of TGF/3 binding to receptors in breast cancer cells. Confluent
mnnnl:i\ITS of MDA231 and MDA330 cells in 24-well tissue culture plates were
incubated for 2 h at 22'C with 50 pM '"I-TGF/S and the indicated concentrations
of unlabeled T<.1 ,( (â€¢),EGF (â€¢).TGF alpha (D), insulin (A), insulin-like growth
factor I, and insulin-like growth factor II (A). Points, duplicate wells. All SE were

Table 2 Binding of'"l-TGFp to untreated and acid-treated breast cancer cells

Confluent monolayers of MDA231 and MCF7 cells in 24-well tissue culture
plates were incubated for 2 h at 4'C with 25 pM '"I-TGF/3. In one-half of the
wells, this was preceded by an 8-min incubation at 4'C with 0.1% acetic acid, 150
m\i NaCI, 0.5% BSA, pH 3.7. Specific cell-associated radioactivity was deter
mined in a gamma counter. Values represent mean of duplicate determinations
Â±SD.

Without acidtreatmentCell

lineMDA231

MCF7
MCF7-Lcpm303

Â±14.5
7Â±6

21 Â±10%

of added
radioactivity6.9

0.1
0.4With

acidtreatmentcpm381

Â±16.518
Â±7

25 Â±1%

of added
radioactivity8.7

0.4
0.5

with a molecular weight in excess of 200,000 and two additional
M, 92,000 and 69,000 bands (Fig. 8, Lanes A and D). Binding
was abolished in the presence of a 100-fold excess of native
TGF/3 (Lanes B and E). These bands were not observed in cells
that were incubated with ' "I-TGF/3 but not exposed to DSS

(data not shown). In the presence of 50 nm dithiothreitol
(Lanes C and F), the labeling of the larger receptor species
significantly decreased in intensity.

Secretion of TGF/ÃŽActivity by Breast Cancer Cells. Media
that had been conditioned for 72 h were tested for TGF/3 activity
in a ' "I-TGF/3 radioreceptor assay using A549 cells. The con

centration of TGF/3 in the conditioned media was significantly
higher with the 4 ER-negative lines (Table 3). TGF/8 activity
was below the levels of detection with this assay in 3 of the 4
ER-positive lines.

Although less specific, the NRK colony-forming assay pro
vided similar results. In this assay, EGF was added at a maximal
stimulatory concentration (10 ng/ml). Thus, any increase in

-200 KDo

- 92KDQ

- 69KDQ

- 46KDQ

ABC D E F
Fig. 8. Autoradiograms showing the size and specificity of '"I-TGF/3 receptors

on breast cancer cells. Confluent monolayers of MDA231 and MDA330 cells in
6-well tissue culture plates were incubated for 4 h at 4'C with 100 p.\i '"l-TGFff

alone (Lanes A and D) or with 10 nM unlabeled TGF0 (Lanes B and E).
Monolayers were cross-linked with 0.25 nisi DSS and solubilized. Detergent-
soluble fractions were subjected to 5-10% SDS polyacrylamide gradient gel
electrophoresis. Fractions injected in Lanes C and F (+DTT) were reduced with
50 mMdithiothreitol (DTT). The numbers indicate the positions of the molecular
weight standard proteins. An equal amount of protein was added to the lanes: 80
jig to Lanes A, B, and C, and 100 Mgto Lanes D, E, and F. KDa, molecular weight
in thousands.

Table 3 Secretion ofTGFÃŸactivity by breast cancer cells
Conditioned media of 8 breast cancer cell lines were assayed for TGF/3 activity

in a '"I-TGF/3 radioreceptor assay by using A549 cells and in a NRK transfor

mation assay in the presence of 10 ng/ml of EGF. All values represent triplicate
determinations. Data were standardized to 10* cells.

Cell lineERMDA231HS578TBT20MDA330T47D

Â±ZR75-1
+MCF7
+MCF7-L

+K

iFiÂ¡binding
equivalents/10'cells

(pg)697361826ND*NDND4NRK

colonies/10*cells200245951448520ND21

â€¢ND, not detectable.

colony formation induced by the conditioned medium was
assumed to be due to TGF/3 activity. Higher levels of NRK
colony-stimulating activity were observed in the media of the 4
ER-negative lines (Table 3). Lower concentrations were found
in 3 of the 4 ER-positive lines. Interestingly, under the estrogen-
free conditions used in some experiments, the levels of TGF/3
activity in medium from tamoxifen-treated MCF7-L cells were
not increased in either bioassay (data not shown).

Since other cell lines have been found to secrete TGF/3 in a
latent form requiring acidification (17), we measured TGF/9
activity in neutral and in acid-extracted medium from MDA231
cells (Table 4). Although the levels were higher in acidified
medium, this activity was still detectable in the absence of
acidification, indicating the presence of biologically active
TGF/3.

3902

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2431861/cr0480143898.pdf by guest on 19 M

ay 2023



BIOLOGICAL ACTIVITY OF TGF0 IN BREAST CANCER CELLS

Table 4 NRK colony-forming activity in conditioned medium (CM) from
MDA23I cells

NRK cells (3 x Id') were plated in soft agarose with aliquots of neutral or

acidified CM derived from SOml of unconcentrated medium and with the addition
of EGF (10 ng/ml). Values represent means of triplicate determinations.

Colonies Â±SE

IMEM
CM-neutral
CM-acidified

796 Â±17
1169 Â±78
1552Â± 117

DISCUSSION
Estrogen receptor-negative human breast cancer differs from

estrogen receptor-positive in several biological and clinical pa
rameters. ER-negative breast cancer is usually hormone inde
pendent and frequently behaves more aggressively than ER-
positive breast cancer (26). Receptor-negative tumors tend to
be more poorly differentiated histologically, are more likely to
have an aneuploid DNA content, and tend to have higher
proliferative indices (27, 28). Recent biochemical studies using
cultured cells suggest that ER-negative tumors have a high
constitutive secretion of certain growth factors including TGFa
and insulin-like growth factor I which could provide a prolif
erative advantage through autocrine mechanisms (29, 30).

The data described here suggest that ER-negative and ER-
positive tumors may also differ with regard to their interaction
with TGF/3. Cultured ER-negative human breast cancer cells
secrete large amounts of TGF/3 into their culture medium,
express high affinity TGF/3 receptors, and respond to very low
concentrations of exogenous TGF/3 with reduced DNA synthe
sis and cell proliferation. Interestingly, in these lines there
appeared to be a relationship between binding affinity and
response to TGF/3. The 2 lines with the highest affinity for
TGF/3 (HS578T and MDA231) were the most sensitive in
growth assays. The ER-positive cell lines examined, on the
other hand, secrete much lower levels of TGF/3 activity, are not
sensitive to TGF/3, and do not express TGF/8 receptors. Binding
was not detected even after acid washing to dissociate endoge-
nously bound TGF/3, excluding the possibility that the failure
to detect receptors was due to receptor occupancy by secreted
TGF/3.

Affinity labeling of cell membranes with '"I-TGF/3 showed
that the receptors in ER-negative breast cancer cells are similar
to other reported TGF/3 receptors (14). Most of the ligand
bound to a receptor with a molecular weight in excess of
200,000 with less binding to the MT92,000 and 69,000 receptor
species. The large molecular weight receptor in these cells does
not appear to be a disulfide-linked glycosylated complex as
reported in B \LB/c 3T3 cells since full reduction of this
receptor did not result in an increase of lower molecular weight
species (14).

Our results are in disagreement with the results of Roberts et
al. (10) and Knabbe et al. (15), who reported inhibition of
growth of MCF7 cells with TGF/3. We cannot explain these
differences, but they may be related to differences in the cell
lines studied. However, using different growth assays under
varied experimental conditions with 3 different MCF7 cell lines
obtained from different sources, we have not been able to show
significant growth inhibition by TGF/3. Roberts used an MCF7
line obtained from the American Type Culture Collection, and
Knabbe used low passage subclones maintained at low density
in their studies. Perhaps these or other differences account for
the disparate results.

The results reported here confirm those of Dickson et al. (8),
who reported strikingly higher TGF/3 activity in conditioned
medium from ER-negative compared to ER-positive breast

cancer cell lines. This group later clearly demonstrated that
secretion of TGF/3 by one ER-positive cell line could be in
creased by incubation with tamoxifen, and they proposed that
TGF/3 could partially mediate tamoxifen-induced growth inhi
bition by an autocrine mechanism in hormone-dependent breast
cancer cells (IS). Our results argue somewhat against this
hypothesis since we found a dissociation between TGF/3 sensi
tivity and antiestrogen inhibition. Although the ER-positive
cells used in our studies are unresponsive to TGF/3 and do not
express TGF/3 receptors, they have maintained their exquisite
sensitivity to tamoxifen in a variety of growth assays.

Finally, the cumulative data indicate that hormone-independ
ent cultured breast cancer cells are able to synthesize an auto
crine inhibitory factor. It is puzzling, though, that these cells,
which demonstrate the fastest growth in vitro and in nude mice,
would secrete such high levels of a growth inhibitor. This raises
questions about the biological significance of this potential
negative autocrine loop. There are several possible explanations
for this paradox. First, it is possible that the amount of TGF/3
secreted by these cells is still insufficient to affect their growth.
This seems unlikely in view of the low concentration of TGF/3
required for a biological effect. If true, then manipulations
aimed at increasing secretion of TGF/3 might arrest growth,
offering a new treatment strategy. A second possibility is that
the cells secrete TGF/3 in a latent form or bound to a carrier
protein, rendering the factor inactive ((17, 31-33). Acid dialysis
of the breast cancer cell-conditioned medium may have acti
vated TGF/3, making it detectable in our biological assays.
Although it is impossible to predict from these experiments
what the concentrations of active TGF/3 would be in vivo, data
shown here (Table 4) and by Knabbe et al. (15) suggest that
some of the TGF/3 secreted is indeed biologically active prior
to acid extraction. A third possibility is that the TGF/3-negative
autocrine loop is indeed operative and that blockade of this
pathway might result in even faster cell proliferation. These
possibilities deserve further study.

In summary, ER-negative, hormone-independent cultured
breast cancer cells are inhibited by, bind, and secrete TGF/3
activity, suggesting the possibility of negative autocrine growth
regulation. It is important to confirm this observation and the
possible relationship between ER status and TGF/3 in experi
ments ideally using breast cancer tissue obtained directly from
patients. The recognition that human breast cancer is partially
regulated by endogenous inhibitory factors could lead to new
treatment strategies.
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