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ABSTRACT

The expression of growth factors for mesenchymal cells was investi
gated in 10 different human mammary carcinoma cell lines. Expression
of mRNA for platelet-derived growth factor (PDGF) A-chain, PDGF B-
chain, transforming growth factor-Â«, and insulin-like growth factor II

were found in eight, nine, five, and two of the cell lines, respectively. The
production of PDGF-like growth factors by the mammary carcinoma cell

lines was investigated in detail. PDGF receptor competing activity and
mitogenic activity, which could be neutralized by PDGF antibodies, were
found in the conditioned medium of almost all the cell lines. A PDGF-

like growth factor was partially purified from the conditioned medium of
one of the cell lines, MCF7. A M, 31,000 component, which was reduced
to M, 17,000, was furthermore precipitated by a PDGF antiserum from
the conditioned medium of metabolic-ally labeled MCF7 cells.

These results indicate that growth factors for mesenchymal cells are
frequently expressed in human mammary carcinoma cell lines. This is of
interest in relation to the fact that mammary carcinoma tumors often
contain a high proportion of proliferating connective tissue cells.

INTRODUCTION

Growth factors have been proposed to serve an important
function as mediators of autocrine stimulation of tumor cell
growth (1, 2). Since tumors in vivo consist not only of prolif
erating neoplastic cells, but also of newly formed vessels (3)
and to a variable extent of proliferating and infill rat ing stromal
cells (4), it is possible that tumor cells produce mitogens with
paracrine effects, in addition to the proposed autocrine effects.

PDGF4 is a major mitogen for mesenchymal cells (for review

see Refs. 5 and 6). It is a A/r 31,000 dimer composed of two
different disulphide-linked polypeptide chains, denoted A and
B. Simian sarcoma virus has acquired the gene for the B-chain
of PDGF (7-9), and an externalized PDGF-like growth factor
exerts the transforming activity of simian sarcoma virus-in
fected human fibroblasts (10). PDGF-like growth factors are
also produced by several human tumor cell lines, as well as by
certain normal cell types in culture (reviewed in Ref. 11). Some
of the cell lines that produce PDGF-like growth factors have
normal counterparts that carry PDGF receptors, e.g., osteosar-
coma cells (12), glioma cells (13), and fibrosarcoma cells (14).
In these cases it has been speculated that the endogenous growth
factor production leads to autocrine stimulation of tumor cell
growth. In addition, there are examples of production of PDGF-
like growth factors in cell lines without PDGF receptors, e.g.,
cell lines derived from carcinomas of the breast (IS) and the
lung (16), and from melanomas (17). In the latter cases it is
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unlikely that the endogenously produced PDGF-like factors
have any direct effect on the growth of the producer cells.
However, if the production of PDGF-like growth factors by cell
lines in vitro reflects a similar production in vivo, it is possible
that such growth factors may stimulate the growth of surround
ing mesenchymal cells by a paracrine mechanism. Mesenchymal
cells also respond to other growth factors, including IGF 1(18),
IGF II (19), and TGF-a (20), the latter acting via the receptor
for epidermal growth factor.

In order to investigate the frequency of expression of connec
tive tissue cell mitogens in cell lines derived from tumors that
often show an extensive stromal infiltration, we have analyzed
10 different human mammary carcinoma cell lines. We report
a frequent and independent expression of the two polypeptide
chains of PDGF; eight and nine of the 10 cell lines investigated
express mRNA for the A- and B-chains of PDGF, respectively.
In addition, several of the mammary carcinoma cell lines show
expression of IGF II and TGF-a mRNA.

MATERIALS AND METHODS

Cells and Cell Culture Conditions. The following human mammary
carcinoma cell lines were used: MCF7 (21), MDA MB 157, MDA MB
231, MDA MB 134, MDA MB 468 (22), T-47D (23), ZR-75-1 (24),
HBL-100 (25), BT-20 (26), and CAMA-1 (27). Cells were routinely
grown at 37Â°Cin a humidified CO2 incubator, in Eagle's minimal

essential medium, supplemented with 10% newborn calf serum
(GIBCO). For the harvest of serum-free conditioned media, confluent
cultures were washed three times with PBS and incubated for 48 h in
Ham's F-10 medium supplemented with 20 mM 4-(2-hydroxyethyl)-l-

piperazineethanesulfonic acid and 1 mg/ml of bovine serum albumin.
For the purification and characterization of the PDGF-like growth
factor from the MCF7 cell line, cells were grown to confluence in roller
bottles, washed three times in PBS, and then incubated in Ham's F-10
medium, supplemented with 20 mM 4-(2-hydroxyethyl)-l-piperazine-
ethanesulfonic acid only. Conditioned medium was harvested every 2-
3 days over a 3-wk period; it was clarified by centrifugation at 5000 x
g for 10 min and stored at -20Â°C.

Partial Purification of a PDGF-like Growth Factor from Medium
Conditioned by MCF7 Cells. Ten liters of conditioned medium was
subjected to the purification procedure previously worked out for the
purificati!in of the PDGF-like growth factor from the U-2 OS cell line
up to the Sephacryl S-200 step (28).

Metabolic Labeling. A confluent roller bottle (850 cm2) of MCF7
cells was incubated in 4 ml of cysteine-free Eagle's minimum essential
medium containing 1 mCi of [32S]cysteine(600 Ci/mmol, New England
Nuclear; 1 Ci = 37 GBq) for 3 h followed by a 3-h chase in 4 ml of
cysteine-containing medium. Labeling and chase media were pooled,
clarified by centrifugation and sequentially immunoprecipitated with
nonimmune rabbit serum and PDGF antisemiti as described (29), and
then analyzed by sodium dodecyl sulfate-gel electrophoresis using 13-
18% gradient gels (30) and fluorography.

Assay for Mitogenic Activity. ( '11]Tliymidine incorporation in human

foreskin fibroblasts (AG 1523) was used as assay for mitogenic activity
(31). Incorporation of radioactivity into DNA was measured by liquid
scintillation counting.

Assay for PDGF Receptor Competing Activity. PDGF was purified
as described (32) and labeled with iodine-125 as described (33). PDGF
receptor competing activity in the conditioned media was measured as
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Fig. l. Stimulation of ['Hlthymidine (TdR) incorporation by conditioned
media of human mammary carcinoma cell lines. Conditioned media were tested
at 25% concentration with human foreskin fibroblasts as target cells (31). The
incorporation of |3H]thymidine is expressed as percentage of the difference
between that obtained in control cultures receiving no addition (1-5% labeled
nuclei) and cultures receiving 10 ng/ml of PDGF (50-80% labeled nuclei).
Samples were tested in the absence (open bars) or presence (hatched bars) of 40
1.1 ml of anti-PDGF IgG.

inhibition of binding of (I25I]PDGF to confluent cultures of AC 1523

human fibroblasts as described (29, 33). Briefly, confluent cultures of
fibroblasts were incubated with various concentrations of conditioned
media diluted in binding buffer (PBS supplemented with 0.9 HIMCaCI2,
0.8 mM \|K..S<>4.and 1 mg/ml of bovine serum albumin) for 2 h at
4*C, the conditioned media were then removed and ['"IjPDGF (2 ng/

ml) added. After incubation for another 60 min, the cell cultures were
washed five times in binding buffer and the cell bound radioactivity
solubilized in a Triton \ nil) containing buffer and determined in a
Packard 7 counter.

DNA Probes. The following human cDNA probes were used: PDGF
A-chain (34), PDGF B-chain (c-ÃÃÃ,Ref. 35), TGF-a,5 and IGF II (36).
Excised DNA fragments were labeled with phosphorus-32 by random

priming (37).
Northern Blot Analysis. Total cellular RNA was prepared using the

LiCl/urea method (38). Poly(A+) RNA was selected by chromatography
on oligo(dT) cellulose (Collaborative Research, type III). Electropho-
resis on 0.8% agarose-formaldehyde slab gels, blotting to nitrocellulose
filters (Schleicher and Schutt) and hybridizations to 32P-labeled DNA

probes, were carried out using standard procedures (39). Blots were
exposed to Kodak XAR-5 films for 2-7 days at -70"C.

RESULTS

Production of Growth Promoting Activity for Human Fibro
blasts by Mammary Carcinoma Cell Lines. Almost all of the 10
human mammary carcinoma cell lines used in this study were
found to secrete growth factors for human foreskin fibroblasts
when grown under serum-free conditions (Fig. 1). The cell line
with the highest production was MDA MB 468; conditioned
medium from this cell line gave about half-maximal stimulation
in the assay when tested at 25% concentration. In order to
determine the proportion of growth-promoting activity that
was accounted for by PDGF-like growth factors, the [3H]thy-

midine incorporation assay was performed also in the presence
of 40 Mg/ml of PDGF antibodies, a sufficiently high concentra
tion to completely neutralize the activity of 10 ng/ml of PDGF.
It was found that between 40% (MDA MB 468 and HBL-100)
and 100% (MDA MB 157) of the activity could be neutralized
by PDGF-antibodies; in seven of the cell lines PDGF-like
growth factors accounted for a majority of the growth-promot
ing activities in the conditioned media (Fig. 1).

PDGF-Receptor Competing Activity in Conditioned Media of
Mammary Carcinoma Cell Lines. Fig. 2 shows that conditioned

50 100

MCF 7 conditioned medium (%)

10

PDGF (ng/ml)

Fig. 2. PDGF receptor competing activity in conditioned medium of MCF7
cells. The radioreceptor assay was performed as described in "Materials and
Methods," in the absence (â€¢)or presence of (O) of 40 jig/ml of anti-PDGF IgG.

The assay was standardized by known amounts of PDGF (D).

Table 1 Secretion of PDGF receptor competing activity by mammary carcinoma
cell lines

Cell numbers were determined using a Coulter counter; PDGF-like activity
was determined using a receptor competition assay as described in "Materials
and Methods."

PDGF-likeactivityCell

lineMCF7MDA

MB157MDA
MB231MDA
MB134MDA
MB468T47DZR-75-1HBL-100BT-20CAMA-1cell

number/
plate (x10-*)4.012.64.810.62.922.515.05.010.05.0ng/ml3.44.31.91.62.32.92.92.12.41.2ng

of PDGF
equivalents/10*

cell/48h8.53.44.01.57.91.31.94.22.43.4

' G. J. Bell, unpublished data.

medium from MCF7 competes in a dose-dependent manner
with [I25I]PDGF for binding to the PDGF receptor on human

fibroblasts. The receptor competing activity was completely
neutralized by PDGF antibodies (Fig. 2).

The radioreceptor assay was used to screen the conditioned
media of the 10 mammary carcinoma cell lines. Productions of
1.2 to 4.3 ng of PDGF equivalents/ml were found (Table 1).
The cell lines that were found to produce the highest amounts
of growth promoting activity, which could be neutralized by
PDGF antibodies, were also found to produce the highest
amounts of PDGF receptor competing activity. The highest
production, determined on a per cell basis, was found in MCF7
cells (8.5 ng of PDGF equivalents per IO6cells and 48 h) (Table

1).
Immunoprecipitation of a PDGF-like Growth Factor from

MCF7 Cells. PDGF antibodies specifically recognized a protein
with a molecular weight of 31,000 in the medium of [35S]
cysteine-labeled MCF7 cells (Fig. 3). This protein was only
found in the conditioned medium and not in the cell lysate (not
shown), indicating that it is a secretory product. Reduction
converted the M, 31,000 protein to a smaller polypeptide,
migrating as a M, 17,000 protein (Fig. 3). This indicates a
dimer structure, closely similar to that of ODGF, which is a
homodimer of PDGF A-chains (28). The dimer composition of
the PDGF-like growth factor of MCF7 cells, as well as of other
mammary carcinoma cell lines, remains to be established. How-
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Fig. 3. Immunoprecipitation of a PDGF-like growth factor from MCF7 cells.

MCF7 cells were metabolically labeled with [35S]cysteine as described in "Mate
rials and Methods," and the conditioned medium subjected to precipitation with
a normal rabbit serum (NRS) or anti-PDGF serum. Samples were analyzed with
and without reduction by sodium dodecyl sulfate-gel electrophoresis and fluorog-
raphy.
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Fig. 4. Partial purification of a PDGF-like growth factor from MCF7 cells.
Ten liters of MCF7 cell-conditioned medium was subjected to chromatography
on a Sulphadex column and ammonium sulphate precipitation, as described (28).
The material was then applied to a Sephacryl S-200 column (145 x 2 cm) eluted
with 1 M NaCl, 0.01 M phosphate buffer, pH 7.4. The effluent fractions were
analyzed for protein (â€¢)and growth promoting activity (O).

ever, considering the structural similarities between the MCF7-
derived factor and ODGF, it is possible that also the factor
secreted by MCF7 cells is a homodimer of PDGF A-chains, in
spite of the fact that MCF7 cells express also the PDGF B-
chain transcript (see below).

Partial Purification of a PDGF-like Growth Factor from Con
ditioned Medium of MCF7 Cells. Ten liters of conditioned
medium from the MCF7 cell line was subjected to chromatog
raphy on a Sulphadex column, ammonium sulphate precipita
tion, and gel chromatography on Sephacryl S-200 (Fig. 4). The
elution position of the mitogenic activity was the same as those
of PDGF and the PDGF-like growth factors previously purified
from U-2 OS cells (ODGF; Ref. 28) and melanoma cells (17).

Lack of PDGF-Receptors on MCF7 Cells. MCF7 cell cultures
showed no specific binding of [I25I]PDGF (not shown), con

forming to the previous observation that epithelial cell types
have no PDGF receptors (33). Since the PDGF receptor might
be blocked or down regulated in cell lines producing PDGF-
like growth factors (40), we investigated the binding of [125I]

PDGF also to MCF7 cells grown in the presence of suramin, a

compound capable of displacing PDGF from its receptor (41).
Suramin treatment did, however, not expose any specific PDGF
binding sites (not shown).

Growth Factor mRNA Expression in Human Mammary Car
cinoma Cell Lines. The expression of PDGF-like growth factors
was also investigated at the mRNA level, using cDNA probes
for the A-chain (34) and B-chain (35) of PDGF. Northern blot
analyses revealed PDGF A-chain transcripts in eight of the 10
mammary carcinoma cell lines (Fig. 5A). Transcripts of three
different sizes were found, 2.8, 2.3, and 1.9 kiiobases, i.e., the
same sizes as previously have been found in other human tumor
cell lines (34). The levels observed were low to moderate com
pared to other cell lines producing PDGF-like growth factors,
e.g., the lung carcinoma cell line U-1810 (16). A certain varia

bility in the intensity of the various bands were noticed, e.g.,
the HBL-100 cell line contained a high abundance of the 2.8
kilobase transcript, but was almost devoid of the 1.9 kilobase
transcript (Fig. 5.4). The significance of this is unknown.

A 4.2 kilobase B-chain transcript and some species of lower
molecular weight were found in nine of the 10 cell lines. The
highest expression was found in MDA MB 468; the expression
in this cell line was comparable to that in U-1810, one of the
cell lines expressing the highest amounts of PDGF B-chain
mRNA (Fig. 5B).

The expression of mRNA for PDGF A- and B chains and
the presence of PDGF receptor competing activity in the media
of the different cell lines are summarized schematically in Table
2. The expression of mRNA for the two chains for PDGF is
clearly independently regulated; e.g., MDA MB 468 expresses
the B-chain transcript at high abundance, but no A-chain tran
scripts, whereas, e.g., MCF7 expresses approximately equal
quantities of the two transcripts. A perfect correlation was not
obtained between the total expression of PDGF mRNA and
the presence of PDGF receptor competing activity in the me
dium. However, MCF7 and MDA MB 468 expressed the
highest quantities both of PDGF mRNA and PDGF receptor
competing activity, and MDA MB 157 expressed no PDGF
mRNA and no or very low levels of PDGF receptor competing
activity.

The expression of mRNA for two other growth factors for
mesenchymal cells, IGF II and TGF-a, was also investigated.
IGF II was found to be expressed in two cell lines, T-47D and
HBL-100 (Fig. 5C). Two transcripts were found, migrating as
4.8 and 6.0 kilobase species, similar to the IGF II transcripts
found in embryonal cells and adult kidney, but different from
adult liver in which a single 5.3 kilobase IGF II transcript is
expressed (42). A 4.8 kilobase TGF-a mRNA was found in five
of the cell lines, MDA MB 231, CAMA-1, HBL-10, BT-20,
and, at low level, in T47D (Fig. 5D).

DISCUSSION

Carcinoma tumors in vivo often contain massive amounts of
stremai cells; in some carcinomas, e.g., of the breast, the mes
enchymal cells may constitute more than half of the tumor
weight (4). In order to explore the possibility that tumor cell-
derived mitogens are involved in the stimulation of mesenchy
mal cell growth, we have investigated the expression of connec
tive tissue cell mitogens in 10 different human mammary car
cinoma cell lines.

We found that PDGF-like growth factors are expressed in
almost all of the human mammary carcinoma cell lines. In
addition, half of the cell lines expressed mRNA for TGF-a and
20% expressed mRNA for IGF II. It thus seems as if production
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Fig. 5. Northern blot analysis of mRNA

prepared from 10 different human mammary
carcinoma cell lines. The filters were hybrid
ized with probes against: A, PDGF A-chain;
B, PDGF B-chain; C, IGF I; D, TGF-a. mRNA
from the CAMA-1 cell line was hybridized in
separate experiments with probes for PDGF
A- and B-chains; it gave a weak band with the
A-chain probe and a barely detectable band
with the B-chain probe (not shown).
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of growth factors for mesenchymal cells is a common feature
of mammary carcinoma cells in vitro. This is compatible with
the hypothesis that recruitment of stronia cells in tumors in
vivo is caused by tumor cell-derived humoral factors, but further

studies on solid tumors, e.g., utilizing in situ techniques, are
required to further elucidate this possibility.

MCF7 cells do not respond to PDGF and it is unlikely that
the production of a PDGF-like growth factor affects the growth

of the tumor cells themselves. It should be pointed out, however,
that the production of TGF-a and IGF II by some of the

mammary carcinoma cells could provide an autocrine growth
signal in addition to the proposed paracrine effect on mesen
chymal cells. Interestingly, four out of four mammary carci

noma cell lines tested were recently found to both produce and
respond to IGF I (43).

The result of the present investigation adds to the emerging
picture that the various cell types that constitute a tumor
interact via a humoral network. It is conceivable that the
transformed cells produce growth factors that stimulate their
own growth (1,2), the growth of surrounding connective tissue
cells (e.g., this study), as well as the growth of endothelial cells
leading to neovascularization (3). Endothelial cells have been
found to produce PDGF and other growth factors, at least in
vitro (44), and mesenchymal cells have been shown to produce
IGF I (somatomedin C) (45) and possibly other factors as well.
A humoral network may provide the basis for the balanced
growth of various cell types that is seen in tumors in vivo.
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Table 2 Summary of the expression ofPDGF mRNA and PDGF receptor
competing activity in mammary carcinoma cell lines

PDGF A-chain
Cell line mRNAPDGF

receptor
competing ac-

PDGF B-chain tivity in condi-
niRNA tionedmediumMCF7

++" ++ +++

MDAMB 157 + (+) ++
MDAMB 231 + ++ ++
MDAMB 134 - - +
MDAMB 468 - +++ +++
T47D + +++ +
ZR-75-1 + -M- +
HBL-100 ++ + ++
BT-20 -r ++ ++
CAMA-1 + (+) ++

â€¢-, no mRNA expressed and no PDGF receptor competing activity; (+), +,
++, and +++, increasing levels of expression of mRNA and PDGF receptor
competing activity (compare Fig. 5 and Table 1).
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