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ABSTRACT

Conditioned medium (CM) from a human mammary carcinoma
cell line, MCF-7, and ten individual clones derived from these

cells was examined for the presence of transforming growth
factors (TGFs). Concentrated CM from all of the MCF-7 cell lines
was found to stimulate the anchorage-independent growth of

normal rat kidney cells in soft agar and to inhibit the binding of
epidermal growth factor (EGF) to mouse NIH/3T3 fibroblasts and
to A431 human epidermoid carcinoma cell membranes. The soft
agar stimulating activity was heat stable but sensitive to treat
ment with dithiothreitol. EGF receptors were measured on the
MCF-7 cell lines to determine whether the amount of TGFs

associated with the CM from the various cell lines was correlated
with the level of EGF receptors being expressed on these cells.
Moreover, the intrinsic cloning efficiency of these lines in soft
agar was measured to ascertain if any correlation might exist
between the level of TGFs associated with these cells and the
ability of these cell lines to form colonies in soft agar. Although
all the MCF-7 cell lines had approximately the same number of
EGF receptors per cell, ranging from 3 to 6 x 103 sites/cell, CM

from these lines varied in potency with respect to inducing the
growth of normal rat kidney cells as colonies in soft agar and in
inhibiting the binding of EGF to NIH/3T3 cells. Likewise, the level
of TGFs associated with the CM from the various clones showed
no correlation with the ability of these individual lines to grow as
colonies in soft agar. TGF activity was also detected in acid-
ethanol extracts prepared from MCF-7 cells propagated in nude

mice as tumors and in the extracts from two transplantable
human mammary adenocarcinomas, Clouser I and II. In addition,
approximately 50% of the normal rat kidney colonies formed in
response to the Clouser II tumor extracts exhibited a branching
morphology in contrast to spherical colonies produced by
Clouser I or MCF-7 extracts. These results demonstrate that

human mammary carcinoma cells from both established cell lines
and cells maintained in nude mice as tumors contain TGF-like

activities. Furthermore, the variation in TGFs associated with the
CM from the MCF-7 clones suggests that the parent MCF-7 cell

line contains a heterogeneous population of cells.

INTRODUCTION

Cells transformed by several retroviruses such as Moloney,
Kirsten, feline, and Rous have associated with their culture
medium a growth factor, SGF,2 which can reversibly confer upon

1To whom requests for reprints should be addressed.
' The abbreviations used are: SGF, sarcoma growth factor; TGF, transforming

growth fractor; EGF, epidermal growth factor; MTF, mammary tumor factor; NRK,
normal rat kidney (clone 49F) cells; DMEM, Dulbecco's modified Eagle's medium;
CM, conditioned medium; HEPES, A/-2-hydroxyethylpiperazine-N'-ethanesulfonic

acid; PBS, phosphate-buffered saline (0.15 M NaCI-5.6 mM NajHPOi-l.oe mw
KHzPOÂ«,pH 7.4); FCS, fetal calf serum; RRA, radioreceptor assay; BSA, bovine
serum albumin; PDGF, platelet-derived growth factor; HPLC, high-performance
liquid chromatography; FGF, fibroblast growth factor.
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nontransformed chicken, murine, rat, and human fibroblasts
several biological properties ascribed to transformed cells (1, 8,
9,24,32,35,37,42,43). These properties include the promotion
of anchorage-independent growth of cells in soft agar as colo

nies, a decreased serum and growth factor requirement for the
growth of cells in monolayer culture, and a loss of contact
inhibition of growth. Recently, SGF-like factors have also been

demonstrated in the CM from rat fibroblasts transformed by
certain DMA tumor viruses including SV40, polyoma, and ade-

novirus (11, 18, 19). It is now generally accepted that SGF is
actually a prototype for a new class of growth factors collectively
termed TGFs (21, 43). TGFs have been partially purified from
several human tumor cell lines (15,25,42,43); from solid mouse,
rat, and human tumors (1, 15, 28, 43, 45); from the CM of
chemically transformed rat and mouse cells (21, 27); and from a
variety of nonneoplastic human and rodent tissues including
human placenta, kidney, lung, mouse embryos, human urine,
serum, and platelets (3, 6, 27, 36, 37, 41, 43, 44). Some, but
not all, of these TGFs such as SGF and the TGFas resemble
EGF in that they are able to compete with EGF for binding to
EGF receptors (5) and share partial amino acid sequence ho-
mology with both mouse and human EGF (25) but fail to cross-

react with antibodies generated against mouse EGF (2,3, 5,43).
However, others, including the TGF/3 subclass, fail to compete
with EGF for receptor binding but in combination with EGF or
TGFas are potentiated in their ability to promote the growth of
nontransformed fibroblasts in soft agar (1-3, 5, 15, 28, 35, 36).

More recently, the presence of other growth factors not related
to EGF but related to PDGF and multiplication-stimulating activity

has been demonstrated in the CM from several tumor cell lines
(14,23,42).

SGF and TGFs (a and j3) belong to a family of heat- and acid-

stable peptides that require intrachain disulfide bonds for activity
(1-3, 25, 36, 43). Generally, TGFs have molecular weights

ranging from 6,000 to 30,000, depending upon their source and
the tester cell line utilized to screen for colony formation in soft
agar (3,20,27,28,37,41,43,45). In fact, several human tumors
and tumor cell lines produce multiple species of TGFs, each of
which is capable of stimulating the anchorage-independent

growth of different fibroblast tester cells in soft agar, and some
of which are potentiated by EGF (15, 27, 28). In addition, it has
been demonstrated recently that a variety of normal growth
factors can induce the growth in agar of cells that are on the
verge of expressing the anchorage-independent phenotype, sug

gesting that they may function as TGFs under certain circum
stances (20, 26, 34).

We have shown previously that the CM from cultures of
primary chemically induced rat mammary adenocarcinomas or
the acid-ethanol extracts prepared from such tumors contain a

factor(s) which we have termed MTF that resembles a TGF (45).
MTF induces the anchorage-independent growth of NRK and
BALB/C-3T3 cells in soft agar as colonies, stimulates the mono-

layer growth of both normal mesenchymal and epithelial cells,
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and inhibits the binding of EGF to mouse embryonal carcinoma
cells. Two major species of MTF were detected following gel
filtration chromatography, M, 6,000 and 68,000 species. The
present study was undertaken to ascertain whether comparable
TGF-like activities could be detected in the concentrated CM
from a human mammary carcinoma cell line, MCF-7, in several
clones derived from this line and in the acid-ethanol extracts
prepared from MCF-7 cells propagated in nude mice as tumors

and in 2 transplantable human mammary adenocarcinomas,
Clouser I and II. The CM from all the MCF-7 cell lines and the
acid-ethanol extracts prepared from the human mammary tu

mors stimulated the growth of NRK cells in soft agar as colonies
and inhibited the binding of 125I-EGFto mouse NIH/3T3 cells and

A431 human epidermoid carcinoma cell membranes. In addition,
although the CM from all of the MCF-7 clones contained demon

strable TGF activity, the amount of TGF found in the CM varied
between the different clones and did not correlate with the
number of EGF receptors on these cells or the intrinsic ability of
these clones to grow in soft agar as colonies.

MATERIALS AND METHODS

Cell Cultures. NRK cells (clone 49F) were obtained from Dr. Joseph
DeLarco, National Cancer Institute, and were grown as described pre
viously (9, 45). NIH/3T3 cells were generously supplied by Dr. Robert
Bassin, National Cancer Institute, and were propagated Â¡nDMEM con
taining 10% PCS (v/v) supplemented with 4 mw glutamine, 20 mw HEPES
(pH 7.4), streptomycin (100 Â¿ig/ml),and penicillin (100 units/ml) in a
humidified 95% air-5% CO2 atmosphere at 37Â°.The MCF-7 cell line was

obtained from the Breast Cancer Task Force, National Cancer Institute.
The MCF-7 clones were derived and generously supplied by Dr. Patricia
Horan Hand, National Cancer Institute (16). The MCF-7 parent line and

clones were grown in DMEM containing 10% PCS (v/v), unless otherwise
indicated, and supplemented with bovine pancreatic insulin (10 /Â¿g/ml;
Sigma Chemical Co., St. Louis, MO) and glutamine, HEPES, and anti
biotics as described for the 3T3 cells.

Preparation of CM. MCF-7 cells (passage 125) were propagated in
150-sq cm tissue culture flasks (Costar, Cambridge, MA) until confluent.

The cultures were washed 3 times with PBS and cultured for an additional
3 days in serum-free, improved Eagle's minimal essential medium as

described previously (39, 45). CM (180 ml) was harvested, centrifugea
to remove any cells and cellular debris, filtered through a 0.45-Mim filter,
and subsequently dialyzed for 48 hr at 0-4Â° against 20 volumes of 1%

acetic acid using M, 3500 cutoff dialysis tubing (Spectropor; Fisher
Scientific Co.). The dialyzed material was then lyophilized to dryness,
reconstituted in 2 ml of PBS containing BSA (1 mg/ml), filtered through
a 0.22-i<m filter (Millex-GV; Millipore Corp.), and analyzed for the ability

to inhibit EGF binding in a RRA or for the ability to stimulate colony
formation in soft agar using NRK cells.

Preparation of Tumor Extracts. MCF-7 cells were propagated as
tumors in nude female BALB/c mice (nu^/nu*) supplemented with estro

gen pellets as described previously (40). The transplantable human
mammary adenocarcinomas, Clouser I and Clouser II, which were iso
lated from a biopsy (13) were also maintained in nude female BALB/c
mice as described (7). Fifteen to 25 g of pooled tumors from 25 to 30
mice were surgically excised, frozen in liquid nitrogen, and stored at
-70Â° until extraction. The tumor samples were homogenized and ex

tracted with acid-ethanol as described by Roberts er a/. (37) and Zwiebel
et al. (45). The ether-ethanol-precipitated material was then extracted

with 1 M acetic acid and dialyzed against 1% acetic acid, lyophilized to
dryness, and stored desiccated at 0-4Â° as described previously (45).

The dried material was reconstituted in PBS at a concentration of 2 mg
of extract per ml of PBS. The'insoluble material was removed by

centrifugation, and the supernatant was tested in the EGF RRA for the

ability to inhibit EGF binding or in soft agar with NRK cells for the ability
to stimulate colony formation.

Colony Formation in Soft Agar. Soft agar assays for testing anchor
age-independent growth-stimulating activity in the CM samples and

tumor extracts were conducted as described previously using NRK cells
(45). Briefly, 2 to 3 x 103 cells were suspended in 0.3 ml of 0.3% Difco

agar supplemented with DMEM and 10% FCS in the absence or pres
ence of aliquots of CM or tumor extracts and layered over 0.3 ml of a
0.6% agar-medium basal layer in 24-well cluster dishes (Costar). For
assessing the cloning efficiency of the MCF-7 cell lines in soft agar, 5 x
103 cells were seeded in 0.3 ml of 0.3% agar containing 15% FCS and

processed as indicated for the NRK cells. All cultures were incubated at
37Â° for 10 to 14 days before staining the colonies with nitro blue

tetrazolium (37, 45). The number of colonies was determined with an
Artek Model 880 colony counter with size distribution capabilities. Colo
nies greater than 30 to 40 urn in diameter were scored as positive and
counted. Data represent the average of results obtained from duplicate
or triplicate cultures in 2 separate experiments.

EGF RRA. EGF (receptor grade) was purchased from Bethesda Re
search Laboratories, Gaithersburg, MD, and 125I-EGF (specific activity,

75 to 125 MCi/Mg)was obtained from Amersham Corp., Arlington Heights,
IL. Quantitation of the number of EGF receptors on the MCF-7 cells was

performed in monolayer cultures by Scatchard analysis as described
previously (38, 39, 45). Briefly, 5 x 10* cells were seeded in 24-well

cluster dishes and cultured for 3 days. Binding assays were performed
in 1 ml of binding buffer [DMEM containing BSA (1 mg/ml), streptomycin
(100 Mg/ml), penicillin (100 units/ml), 20 rrtM HEPES (pH 7.4), and 4 mM
glutamine] in 24-well cluster dishes for 1 hr at 37Â°with various concen
trations of 125I-EGF. Nonspecific binding was corrected by the inclusion

of EGF (1 //g/ml). Assessment of activity which could inhibit EGF binding
in the CM samples and tumor extracts was performed as described
previously (45) using mouse NIH/3T3 cells in monolayer cultures or
membranes obtained from A431 human epidermoid carcinoma cells (25).
3T3 cells (5 x 104) were grown for 3 days in 24-well cluster dishes. The

binding assays with either 3T3 cells or A431 membranes in suspension
(45) were performed in the absence or presence of varying amounts of
the test samples in binding buffer containing 125I-EGF(2.5 ng/ml) for 1 hr
at 37Â°with 3T3 cells or at 23Â°with A431 membranes. All assays were

conducted in duplicate.
Gel Filtration Chromatography. CM or tumor extracts were chro

matographed on a 60-cm TSK-3000 SW HPLC gel filtration column
(Altex) equilibrated previously with PBS at 23Â°.The column was eluted

with the same buffer at a flow rate of 2 ml/min using a Beckman HPLC
chromatography pump equipped with a UV detector. Fractions of 4 ml
were collected, dialyzed against distilled water for 24 hr at 0-4Â°, lyophi

lized to dryness, and assayed for either NRK colony-stimulating activity
or for competition with 125I-EGFin the EGF RRA using A431 membranes.

RESULTS

Presence of EGF-inhibiting and Colony-stimulating Activi

ties in Human Mammary Tumor Cells. As was demonstrated
previously for primary cultures of rat mammary adenocarcinoma
cells (45), concentrated CM prepared from MCF-7 cells, an

established human breast cancer cell line (4, 30), is able to
stimulate the growth of NRK cells in soft agar as colonies (Table
1). Moreover, aliquots of comparably prepared CM concentrates
were also tested for their ability to inhibit the binding of 125I-EGF

to mouse NIH/3T3 cells. EGF-inhibitory activity was found to be

associated with these same samples in an EGF RRA (Table 1).
The amount of EGF-inhibitory activity in the MCF-7 CM concen

trates was proportional to the volume of CM tested in the EGF
RRA (Chart 1) and exhibited a similar, but less pronounced,
displacement of 125I-EGFas native, unlabeled EGF. The failure

of the crude CM concentrates to completely inhibit the binding
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labte 1
EGFreceptors on and donai growth of MCF-7 cell lines and EGF-inhibiting

activity and colony-stimulating activity in CM from MCF-7 cell lines 10 25

EGF (ng/ml)

50 100

CelllineParent
MCF-72A82B32E53E54C105A95H76F18B610B5125I-EGF

specifi

cally bound
(pg/10"cells)"31.6(4.7x10a)d45.9

(6.9X103)18.8
(2.8 x103)34.8
(5.2X103)38.2
(5.7 x103)25.1
(3.8 x10")32.4
(4.9 x103)30.3
(4.6 x103)31.0(4.7X103)45.6(6.9x10*)60.8(9.1

X103)EGF-inhibit

ingactivity(12SI-EGFbinding

toNIH/3T3

cells)66366586352477547735283Colony-stim

ulating activ
ity (NRK col-
onies/dishf209

Â±38e336

Â±105201
Â±73230
Â±48141
Â±3393
Â±356
Â±1089
Â±30183
Â±9592
Â±33243
Â±128MCF-7

colo
nies/dish0547

Â±167*16Â±

4119
Â±44Â±

2251
Â±3676
Â±017
Â±921
Â±18Â±

22Â±
1631

Â± 37
8 MCF-7 cells were incubated with various concentrations of 125I-EGF,and the

amount of EGF specifically bound at saturation was determined as described in
Charts.

6 Aliquots of CM (100 Â¿d/ml)prepared from the MCF-7 cell lines were assayed

in the EGF RRA using 313 cells to determine the amount of EGF-inhibitingactivity
expressed as percent inhibition or on NRK cells in soft agar to determine the
potency for colony-stimulating activity.

c MCF-7 cells were grown in soft agar for 14 days, stained with nitro blue

tetrazolium. and counted to determine their clonogenic efficiency in semisolid
medium.

" Numbers in parentheses, averagenumber of receptor sites/cell determinedby

Scatchard analysis from 2 separate determinations.
8 Mean Â±S.E.

of 125I-EGFmay be due to the relative impurity of this preparation

at this stage and the possible presence of other activities which
could attenuate the EGF-inhibitory activity(ies). The protein con

centration of the various aliquots of CM generally ranged be
tween 200 and 300 M9/100 n\ in the EGF RRA and in the NRK
soft agar assay in these studies. By comparison of the compe
tition curves for the CM samples and for unlabeled EGF in
inhibiting 125I-EGFbinding in the EGF RRA, the parental MCF-7

tumor cells have associated with them activity equivalent to
approximately 100 ng of EGF per liter of CM from 72-hr harvests.
EGF-inhibitory activity in the crude CM samples could also be

detected by the ability of aliquots of CM to specifically inhibit the
binding of 125I-EGF but not 125l-insulin to isolated membranes

obtained from A431 human epidermoid carcinoma cells. These
cells possess an unusually high number of EGF receptors and
have been used by other investigators to screen for the presence
of EGF-competing activity (25). A431 cells also possess specific
receptors for insulin.3 For example, a 50-Ml aliquot (100 ng

protein) obtained from 2 liters of concentrated CM from the MCF-
7 parent cells produced a 90% inhibition of 125I-EGFbinding in

the EGF RRA using A431 membranes. However, an equivalent
aliquot from the same pool of CM was ineffective in competing
with 125l-insulin for binding to insulin receptors on these mem

branes. In this case, when A431 membranes were incubated
with 10 ng of 125l-insulin, 9x10* cpm of 125l-insulinwere bound

to the membranes. Inclusion of 10 /^g of unlabeled insulin in the
receptor assay produced a 60% displacement of the bound 125I-

insulin, whereas 50 n\ of CM showed no effect in competing with
125l-insulinfor binding.

Although neither the EGF-inhibitory activity nor the NRK col
ony-stimulating activity has been extensively purified, the NRK
colony-stimulating activity in the MCF-7 CM was inactivated by

prior treatment of the samples with dithiothreitol (Table 2). The

20 50 100 200
CONDITIONED MEDIUM (ul)

Chart 1. Effect of MCF-7 CM on 'Â»I-EGFbinding to mouse 3T3 cells. 3T3 cells
were incubatedfor 60 minat 37Â°with 125I-EGF(1 ng/ml) in the absenceor presence

of various concentrations of unlabeled EGF (â€¢)or the indicated volumes of
concentrated CM (O).

Table 2
Effect of heat and dithiothreitol on NRKcolony-stimulatingactivity in MCF-7CM

Duplicate aliquots (1 ml) of concentrated CM from the parent MCF-7 cell line
were treated with dithiothreitol or heatedfor the periods indicated.Thedithtothreitol-
treated and control samples were then dialyzed against 10 liters of PBS at 4Â°for
48 hr. The heat-treated CM samples were centrifugea to remove precipitated
material. Duplicate aliquots (100 pi) of the control CM, dithiothreitol-dialyzedCM,
or supematants from the heat-treated samples were tested in soft agar for colony-
stimulating activity using NRK cells.

Treatment NRK colonies/dish

Control
Dithiothreitol (0.065 Min PBS, 2 hr, 20")
Heat (100Â°,30 min)

66 Â±30*
0

43 Â±33

3D. S. Salomon, J. A. Zwiebel, M. BaÃ±o,I. Losonczy, P. Fennel, and W. R.
Kidwell. unpublishedobservations.

8 Mean Â±S.E.

activity was stable to dialysis (4Â°for 48 hr) and to heat treatment
(100Â°for 30 min). This latter property is in contrast to the activity

(MTF) isolated from rat adenocarcinomas which is heat labile
(45). However, like the MTF isolated from the CM of rat mammary
adenocarcinoma cells, the EGF-competing activity and the NRK
colony-stimulating activity were stable to acid extraction. Prelim
inary experiments (data not shown) indicate that the NRK colony-
stimulating activity in the CM from MCF-7 cells exhibits a molec

ular weight of approximately 6000 following gel filtration under
low-salt conditions at neutral pH on a TSK-3000 SW HPLC gel
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filtration column and possesses a pi of approximately 4.0 follow
ing isoelectric focusing on a 110-ml LKB Model 8100 Ampholine

column using Ampholines over the pH range of 3.0 to 10.0.
Several clonal lines have been isolated previously from the

parent MCF-7 cell line obtained from the Breast Cancer Task
Force at passage 157 by end-point dilution (16). Ten of these
clones were also assayed for the presence of EGF-inhibitory and
NRK colony-stimulating activities in CM concentrates to deter

mine if there was any heterogeneity within the original cell
population of the MCF-7 cell line with respect to the amount of

these 2 activities associated with their CM (Table 1). The CM
from all 10 clones possessed amounts of EGF-inhibitory activity

which were comparable to the levels measured in the parental
MCF-7 cell line. However, the ability of CM concentrates to

stimulate the growth of NRK cells as colonies in soft agar varied
among the clones. For example, the CM from clones 2A8, 2B3,
2E5, 6F1, and 10B5 had an equivalent amount of NRK colony-
stimulating activity as did the parental MCF-7 cell line. In contrast,

the CMs from clones 4C10, 5A9, 5H7, and 8B6 were 50 to 75%
less active in promoting NRK colony growth than was the CM
obtained from the parent cell line.

The presence of these 2 activities (EGF-competing and NRK
colony-stimulating activities) was not restricted to CM obtained
from a human mammary tumor cell line. Crude acid-ethanol
extracts prepared from MCF-7 cells which were propagated in

nude mice as tumors and from 2 transplantable human mammary
adenocarcinomas, Clouser I and II, also possessed both activities
(Table 3). The level of both activities recovered from the MCF-7

tumors was relatively comparable to the amounts of these 2
activities recovered in the CM samples from the parent MCF-7

cell line. Likewise, there was no significant difference in the
amount of these 2 activities which could be recovered from the
2 human, transplantable Clouser adenocarcinomas. Moreover,
the EGF-competing activity recovered in the tumor extracts, like
the activity in the MCF-7 CM, appears to be selective since
aliquots of the tumor extracts were unable to compete with 125I-

insulin for binding to human A431 cell membranes (data not
shown). It should be noted that the morphology of the NRK
colonies produced in response to the crude acid-ethanol extracts
prepared from the MCF-7 tumors and from the Clouser II tumors
was strikingly different (Fig. 1,A and B). In the presence of MCF-

7 or Clouser I (not shown) tumor extracts, the NRK colonies
grew as spherical aggregates of cells (Fig. 14). In contrast, the
colonies formed in response to an equivalent amount of the
Clouser II extracts showed branching structures (Fig. 16). Ap
proximately 50% of the colonies formed in the presence of the
Clouser II extract exhibited this branching morphology, and 50%
of the colonies were spherical. A partial characterization of the

EGF-competingactivity and colony-stimulating activity in humanbreast tumor
extracts

Lyophilizedacid-ethanoltumor extracts were reconstituted in PBS at a concen
tration of 2 mg of extract per ml. Following centrifugation to remove undissotved
material, 100-*ilduplicate aliquots of the supematants were tested in the EGFRRA
using NIH/3T3 cells for competing activity or in soft agar for colony-stimulating
activity using NRK cells.

TumorMCF-7Clouser

I
Clouser IIInhibition

of 125I-
EGFbinding44

44
46NRK

colonies/dish146
Â±14a

360 Â±50
308 Â±19

EGF-competing activity was achieved by gel filtration chroma-
tography of the Clouser I tumor extract on a TSK-3000 HPLC

column under isotonic and neutral conditions. A broad peak at
approximately M, 60,000 to 70,000 was observed which con
tained 90% of the EGF-competing activity (Chart 2). The remain
der, approximately 10%, of the EGF-competing activity eluted

near the void volume of the column probably as a result of
aggregation, because the gel filtration was performed in low salt.
Although the material present in the tumor extracts appeared to
selectively compete with EGF for receptor binding, 2 other
possible explanations were considered. The "competition" might

be due to: (a) EGF binding proteins present in the extracts that
would reduce the concentration of 125I-EGFaccessible for recep

tor binding or (b) the presence in the extracts of proteases which
would selectively degrade EGF. Both of these possibilities were
eliminated by the following experiments. Three hundred fig of
the Clouser I extract, an amount equivalent to that utilized to
test for the presence of EGF-competing activity in the RRA,
were incubated with 125I-EGF(2.5 ng) for 1 hr at 23Â°in the RRA

binding buffer. The mixture was then chromatographed on a
TSK-3000 gel filtration column under conditions identical to that
described in Chart 2 for the detection of the EGF-competing
activity in the crude tumor extracts (data not shown). Ninety-

nine % of the radioactivity eluted at a position from the column
which was identical to that where free 125I-EGFwas recovered

when EGF was incubated in binding buffer and chromato
graphed. Likewise, no EGF binding protein activity could be
detected in the Mr 60,000 to 70,000 region of the Clouser I
extract. When this region of the column was pooled, concen
trated, incubated with 125I-EGF,and rechromatographed on the

HPLC sizing column, greater than 99% of the radioactivity eluted
at a position identical to that of EGF. Moreover, aliquots of the
pooled and concentrated M, 60,000 to 70,000 region were
incubated with 125I-EGF,subjected to sodium dodecyl sulfate-gel
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Chart 2. TSK-3000 SW HPLC gel filtration elution profile of EGF-competing
activity from Clouser I tumor extract. Ten mg of tumor extract were dissolved in 2
ml of PBS and centrifugea to remove undissolved material, and 1 ml of the
supernatant (3 mg of protein) was chromatographed on a TSK-3000 ultrafiltration
column at a flow rate of 2 ml/min in PBS. Four-mi fractions were collected and
processed as described in "Materials and Methods." O, percentage of inhibition of

EGFbinding in EGF RRA using A431 membranes; , absorbance at 280 nm. J,
elution positions of ferritin (M, 600,000), void volume (V0), BSA (M, 68,000),
chymotrypsinogen(Chy, M, 25,000), and EGF (M, 6,045).
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electrophoresis in 15% acrylamide gels, and fluorographed.
Other than a band which comigrated with 125I-EGF, no other

bands could be detected in the gel with molecular weights less
than EGF. These results indicate the apparent absence of pro
teases in this region of the column (M, 60,000 to 70,000) which
could degrade the 125I-EGF and therefore give an apparent

competition in the RRA.
Binding of 12sl-labeled EGF to MCF-7 Cell Lines. To deter

mine whether a correlation might exist between the amount of
EGF-inhibitory activity present in the CM obtained from the MCF-

7 cell lines and the number of EGF receptors on these clones,
the binding of 125I-EGFwas measured on subconfluent cultures.
Chart 3 illustrates the specific binding of 125I-EGFas a function

of increasing concentrations of the labeled growth factor to the
parent MCF-7 cell line and clone 10B5. At 37Â°,maximum binding
of 125I-EGFwas reached after 60 to 90 min (data not shown).

Nonspecific binding accounted for less than 10% of the total
amount of 125I-EGFbound at the various concentrations which

were tested. At saturation, which occurred between 10 and 15
ng of 125I-EGFper ml, approximately 8 x 103 cpm of 125I-EGF
(60 pg) were specifically bound to 106 cells from the parent MCF-

7 line. The amount of growth factor bound at saturation varied
by a factor of 2 among the various MCF-7 clones as determined

2 4 6 8 10
TOTAL 125I-EGF(ng/ml)

Chart 3. Binding of I25I-EGF to MCF-7 cells. Specific binding is shown at different
concentrations of 'Z5I-EGF to parent MCF-7 cells (â€¢)and clone 10B5 (O) in

monolayer culture.

by Scatchard analysis (Table 1). With the possible exception of
clones 4C10 and 5H7, all of the remaining 8 clones and the
parent MCF-7 cell line possessed a similar number of EGF

receptors per cell as determined by Scatchard analysis of binding
curves comparable to those depicted in Chart 3. No correlation
was found between the amount of EGF-inhibitory activity present

in the CM and the number of measurable EGF receptors on the
various MCF-7 cell lines. However, the number of EGF receptors

may fluctuate, depending upon the saturation density of the
cultures (38) and the availability of free unoccupied receptor
sites. Therefore, the validity of these calculations is merely the
approximations from several assays of the number of EGF
receptors using semiconfluent cultures.

Clonogenicity of MCF-7 Cell Lines in Soft Agar. Varieties of

human tumor cells from cell lines and from biopsies are able to
grow in soft agar as colonies (33). Moreover, EGF has been
demonstrated to produce a 2-fold increase in the cloning effi

ciency in semisolid medium of tumor cells obtained from a
number of tumor cell lines and from biopsies (33). To determine
whether there was a direct correlation with the amount of NRK
colony-stimulating activity present in the CM obtained from the
MCF-7 cell lines and the intrinsic ability of these cells to grow as

colonies in soft agar, cells were seeded in soft agar in medium
containing 15% FCS to optimally sensitize the cells for anchor
age-independent growth (see Refs. 20,34, and 45). As illustrated

in Table 1, no correlation could be unequivocally demonstrated
between these 2 phenotypic properties. For example, although
the CM from clones 2A8, 3E5, and 6F1 had a considerable
amount of colony-stimulating activity for NRK cells, these same

cells had a relatively low cloning efficiency in soft agar.

DISCUSSION

It has been demonstrated previously that the CM from a variety
of tumor cell lines and from the cells transformed by several
different retroviruses or DNA tumor viruses contains TGFs as
assessed by the ability of concentrated CM aliquots to induce
the growth of NRK cells in soft agar as colonies and/or to inhibit
the binding of EGF (1, 2, 8, 21, 25, 32, 35, 37, 42, 43, 45). The
former property is common to all TGFs that have been described
and some normal growth factors (20, 21, 26), while the latter
property is generally restricted to the TGFa subclass (1-3, 5,

43). It has been inferred from these studies that TGFs are being
produced and secreted by these cells since they are associated
with, and in some cases have been partially purified from, the
CM obtained from these cells. The present study demonstrates
that a human breast tumor cell line and several clones derived
from this line also have associated with their CM TGF-like
activities. Moreover, comparable TGF-like activities possessing
similar biological activities can also be recovered in the acid-
ethanol extracts prepared from MCF-7 tumors and in 2 trans-

plantable, human mammary adenocarcinomas (Clouser I and
Clouser II). It is not clear whether the activities found in associ
ation with the CM from the MCF-7 cells are physicochemically

identical to the activities extracted from the tumors. In rat mam
mary adenocarcinomas, the EGF-competing and NRK colony-
stimulating activities copurify (45). In contrast, the NRK colony-

stimulating activity associated with the CM has a molecular
weight of approximately 6,000, while the EGF-competing activity

in the Clouser I tumor extract is approximately 60,000 to 70,000.
It can also not be definitively stated from the present data as
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to whether the EGF-competing and NRK colony-stimulating ac

tivities are actually being synthesized by the human breast
cancer epithelial cells. To fully address this question, these
activities have to be purified to a point where antibodies can be
generated against them for use in biosynthetic labeling studies
with isotopie precursors in vitro. Furthermore, since neither of
these activities has been extensively purified from this cell line
or from the human mammary tumor extracts, it is not clear
whether the EGF-competing activity is due to the presence of a
TGFa which is directly inhibiting the binding of 125I-EGFto EGF

receptors on mouse NIH/3T3 fibroblasts (2, 5). It is possible that
this activity may be indirectly modulating the binding of 125I-EGF

to live cells analogous to the inhibition of EGF binding produced
by phorbol esters (38). This, however, seems unlikely, since this
activity can compete with EGF for binding to EGF receptors on
isolated membranes from A431 cells. Under these assay condi
tions, phorbol esters do not affect EGF binding (38). Moreover,
the EGF-competing activity which is present in the crude Clouser
extracts cannot be accounted for by: (a) a general nonspecific
perturbation of the membranes since the binding of 125l-insulinto

isolated A431 membranes is not affected; (b) the sequestration
of 125I-EGFdue to the presence of an EGF-binding protein in the
tumor extracts; or (c) a degradation of 125I-EGF due to the

presence of protease activity in the semipurified tumor extracts.
It is also possible that the the TGF-like activities detected in the

CM samples could arise from serum carryover during the con
ditioning interval. It is known that serum does contain TGFs (6)
and other growth factors (20) and that a majority of this TGF
activity in serum is apparently derived from platelets (3). How
ever, the observation that the different clones of MCF-7 cells

have variable amounts of TGFs associated with their CM would
tend to mitigate against such a possibility. Moreover, the pres
ence of comparable biological activities in the acid-ethanol ex

tracts obtained from rat mammary adenocarcinomas (45) and in
the acid-ethanol extracts prepared from biopsies of human mam
mary tumors4 would also tend to preclude this possibility. Con

sidering these qualifications, we can only assume from the
presence of these TGF activities in the CM of mammary carci
noma cells and from their detection in mammary tumor extracts
from several sources that these cells are synthesizing and se
creting these factors.

It is interesting to note that, for the NRK colony-stimulating
activities isolated from the extracts of MCF-7 and the Clouser II

tumors, the morphologies of the NRK colonies were different.
Some of the NRK colonies produced in response to the Clouser
II tumor extracts were branching and may be ductal in nature,
reminiscent of structures formed by capillary and vascular en-

dothelial cells in vitro after the addition of CM from tumor cells
or a variety of angiogenesis factors (12). However, a more
detailed histological analysis of these branching, irregularly
shaped colonies will be necessary to substantiate whether these
structures actually possess a lumen and are therefore true ducts.
These data do suggest, however, that 2 activities might be
associated with the Clouser II extracts, one capable of stimulat
ing cell growth in soft agar as colonies and a second, possible
morphogenic factor(s). This latter factors) may induce the for
mation of structures which resemble glomerular tubules, since
NRK cells are derived from embryonic kidney tissue. Moreover,

4J. A. Zwiebel, M. BaÃ±o,D. S. Salomon, J. Schtom, E. Nexo, and W. R. Â«Â¡dwell.
Anchorage-independent growth-conferring activities in human mammary tumors
and milk, submitted for publication.

the apparent absence of this second activity from the Clouser I
extracts suggests that this factor(s) is different from any previ
ously described TGFs and that TGFs might be one of several
factors needed for morphogenesis during embryonic develop
ment (43). Further purification of these 2 activities from the
Clouser II tumor extracts will obviously be necessary to deter
mine whether these biological activities reside in the same or
different protein(s).

The presence of multiple TGF-like activities which are capable

of stimulating different types of fibroblast cells to grow in soft
agar has been found in various normal tissues and tumor cell
lines (15,27, 36). Some of these factors are potentiated by either
EGF, TGFas, or high concentrations of serum, suggesting that
they probably represent TGF/3s (1-3, 15, 27, 28, 36). Nickell ef

a/. (28) have described recently the partial purification of distinct
activities which can stimulate the anchorage-independent growth
of NRK and mouse AKR-2B cells from the acid-ethanol extracts

prepared from specimens of several human neoplasms including
adenocarcinoma of the breast. These activities appear to reside
in separate proteins for either NRK or AKR-2B fibroblast cells of

which some are also potentiated in their activity by EGF (1, 28,
35, 36). In addition, several normal host-derived growth factors

such as PDGF and FGF have likewise been demonstrated to
promote tho anchorage-independent growth of partially trans

formed cells or transformed cells which produce low levels of
TGFs which are insufficient by themselves to induce the anchor
age-independent growth of these same cells (20, 26). In this
respect, the viral oncogene product, p28s/s,of the simian sarcoma

virus has been demonstrated to be structurally related to PDGF,
indicating that a viral transforming protein may be a normal
growth factor that is inappropriately or constitutively expressed
in a neoplastic cell (10). The variation in production of NRK
colony-stimulating activity and in the cloning efficiency in soft
agar of the various MCF-7 clones suggests that multiple TGF-

like activities (a and ÃŸ)might also be produced by these different
clones of MCF-7 mammary tumor cells. The biological potency
of some of these TGF-like activities (i.e., NRK colony-stimulating

activity) could possibly be accentuated by the presence of other
growth factors present in serum such as EGF, PDGF, or FGF
(20, 26, 34, 45). It has been demonstrated recently that SGF
derived from the CM of Moloney sarcoma virus-transformed cells
and further purified by reverse-phase HPLC actually consists of

a mixture of Â«and ÃŸTGFs (2). TGFa in the SGF preparation was
demonstrated to be the activity which was responsible for com
peting with EGF for binding to EGF receptors (5), while the soft-
agar colony-stimulating activity was due to the combined, syn-
ergistic action of both TGFa and TGF/3 (2). The MCF-7 clones

may actually represent populations of cells which are either low
or high producers of some or all of these TGFa and TGF/3
activities. Therefore, the parent MCF-7 cell line may consist of a

mixed population of cells containing a spectrum of various cells
producing different amounts of these activities, exemplifying
further the concept of tumor cell heterogeneity which has been
observed for several phenotypic properties (31). Initial attempts
to detect TGF/Ss in the CM of the parent MCF-7 cells have been

unsuccessful. Crude CM samples were assayed on NRK cells in
soft agar in the absence or presence of EGF at 5 ng/ml. The
number of colonies formed was comparable under either condi
tion.5 However, considering that none of these activities have

5J. A. Zwiebel, D. S. Salomon, M. BaÃ±o,I. Losonczy, P. Fennel, and W. R.

Kidwell. unpublished observations.
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been extensively purified from the CM of this Å“il line, that TGFÃŸ
activity cannot usually be detected in crude CM samples (2), and
that other clones derived from the parent cell line may be
producing relatively more of this activity, it is not unexpected
that these results fail to conclusively demonstrate that TGF0S
are not being produced by mammary tumor cells.

Although EGF has been demonstrated to be a mitogen for
MCF-7 cells propagated in the presence or absence of serum

which is mediated by the presence of EGF receptors on these
cells (4, 29, 30), the results of the present study have shown
using various MCF-7 clones that the number of EGF receptors

is not correlated with the level of EGF competing activity or with
the NRK colony-stimulating activity associated with the CM from

these clones. In this respect, Imai ef a/. (17) have demonstrated
that there was no association between the level of EGF binding
and its mitogenic effect on the growth of several human breast
cancer cell lines in monolayer cultures. Likewise, Pathak eÃal.
(33) were also unable to show any clear correlation between the
number of EGF receptors and the ability of EGF to enhance the
growth of a variety of human carcinoma cells in soft agar as
colonies. It is therefore possible that one phenotype in a cell
population may fluctuate independently of the expression of
another phenotype (16, 17, 31, 33). It should also be stressed
that the assay routinely used to monitor for the presence of all
known TGFs is the ability of these factors to promote the
anchorage-independent growth of a variety of fibroblast cell lines,
particularly NRK cells, in soft agar as colonies (1-3, 8, 25, 35-

37, 43). More importantly, with the possible exception of crude
preparations of SGF (22), none of these TGFs has been assayed
on nontransformed epithelial cells with respect to promoting their
growth in soft agar. Moreover, primary cultures of fibroblasts fail
to respond to these activities with respect to the induction of
anchorage-independent growth (8, 20, 21), suggesting that es

tablished cell lines have undergone at least one of the steps in
the transformation process, namely, cell immortalization, which
may sensitize these cells to exhibit anchorage-independent

growth in response to exogenous TGFs (20). Although we were
unable to demonstrate a correlation between the amount of
TGFs associated with the CM from the MCF-7 clones and the

intrinsic ability of these cell lines to grow in soft agar, it is
therefore possible that the use of NRK fibroblasts as an indicator
cell line may be inappropriate for detecting TGF-like factors that

could be produced in these cells which would stimulate the
anchorage-independent growth of epithelial cells, in the particular

primary cultures of normal mammary epithelial cells. We have
observed that normal mouse or rat mammary epithelial cells do
respond mitogenically to TGFs isolated from the crude CM of
MCF-7 cells. However, these same cells fail to grow in soft agar
in the presence of MCF-7-derived TGFs. However, a crude
mammary-derived TGF is able to enhance the growth of an MCF-

7 clone in soft agar which intrinsically exhibits a low capacity to
form colonies in soft agar (clone 2A8). In the absence of TGFs,
2A8 cells form 16 Â±4 (S.E.) colonies/dish in soft agar. The
inclusion of mammary-derived TGF to these cells increases the
number of colonies by approximately 3-fold to 42 colonies/dish.

Under comparable assay conditions, this TGF also enhances the
ability of NRK cells to form colonies in soft agar by approximately
20-fold (2 colonies/dish versus 47 Â± 5 colonies/dish). These

results confirm previous findings demonstrating that NRK cells
are generally more sensitive to the anchorage-independent
growth-conferring effects of TGFs obtained from various sources

(1-3, 8, 25, 35-37, 43). More importantly, the results demon

strate that breast carcinoma cells in contrast to normal mammary
epithelial cells are capable of responding to TGFs in soft agar,
although to a lesser extent than NRK cells. Moreover, these
same cells (2A8) are capable of producing TGFs which are active
in inducing the anchorage-independent growth of NRK cells (cf.

Table 1). These results essentially agree with those obtained by
Nickell ef al. (28), demonstrating that the TGFs produced by one
cell type may be able to stimulate the anchorage-independent
growth of a particular indicator cell type (;'.e., NRK cells) yet may

be insufficient by themselves to facilitate the soft agar growth of
these same cells or another tester cell.

Although the exact biological function of these TGF-like activ

ities is unknown, they may possibly induce the expression of
other biological properties which could be associated with the
transformed phenotype in mammary epithelial cells. These would
include a reduction in the growth factor requirement for the
proliferation of these cells in monolayer cultures on different
collagen substrates (39), a change in cell morphology, a loss of
contact inhibition of growth, and/or an induction in the expression
of tumor-associated cell surface antigens (16). Moreover, their

presence in human breast tumors and their association with the
CM from a human mammary tumor cell line suggest that they
may be synthesized and secreted by a human mammary tumor
cell line and in varying amounts by several clones derived from
this line. These cells may therefore provide an in vitro system in
which to study TGF synthesis and/or secretion in response to
various hormones and other growth factors. Moreover, the avail
ability of clones which may differ in their ability to produce TGFs
should prove useful in determining whether any relationship
exists between TGF production and the expression of other
phenotypes, such as tumor-associated cell surface antigens (16),

tumorigenicity (7, 40), metastatic potential, growth rate (17, 33),
or sensitivity to other growth factors or hormones (4,17, 20, 21,
26, 30, 33, 39, 45).

ACKNOWLEDGMENTS

The authors wish to express their gratitude to Kenneth E. Burdette and Earl
Smith for their excellent technical assistance.

REFERENCES

1. Anzano, M. A., Roberts, A. B., Meyers, C. A., Komoriya, A., Lamb, L. C.,
Smith, J. M.. and Sporn, M. B. Synergistic interaction of two classes of
transforming growth factors from murine sarcoma cells. Cancer Res., 42:
4776-4778,1982.

2. Anzano, M. A., Roberts, A. B., Smith, J. M., Sporn, M. B., and DeLarco, J. E.
Sarcoma growth factor from conditioned medium of virally transformed cells
is composed of both type a and type 0 transforming growth factors. Proc.
Nati. Acad. Sci. USA,80. 6264-6268,1983.

3. Assoian, R. K., Komoriya, A., Meyers, C. A., Miller, D. M., and Sporn, M. B.
Transforminggrowth factor. ; in humanplatelets. Identificationof major storage
site, purification, and characterization. J. Btol. Chem., 258: 7155-7160,1983.

4. Barnes, D., and Sato, G. Growth of humam mammary tumor cell line in a
serum-free medium. Nature (Lend.),287: 388-389, 1979.

5. Carpenter,G., Stoscheck, C. M., Preston, Y. A., and DeLarco,J. E. Antibodies
to the epidermal growth factor receptor block the biological activities of
sarcoma growth factor. Proc. Nati. Acad. Sci. USA, 80: 5627-5630,1983.

6. Childs, C. B., Proper, J. A., Tucker, R. F., and Moses, H. L. Serum contains a
platelet-derived transforming growth factor. Proc. Nati. Acad. Sci. USA, 79:
5312-5316,1982.

7. Colcher, D., Zalutsky, M., Kaplan, W., Kufe, D., Austin, F., and Schlom, J.
Radiolocalizador!of human mammary tumors in athymic mice by monoclonal
antibody. Cancer Res., 43: 736-742,1983.

8. DeLarco, J. E., and Todaro, G. J. Growth factors from murine sarcoma virus-
transformed cells. Proc. Nati. Acad. Sci. USA, 75: 4001-4005,1978.

9. DeLarco, J. E., and Todaro, G. J. Sarcoma growth factor (SGF): specific
bindingto epidemial growth factor (EGF)membranereceptors. J. Cell. Physiol.,

SEPTEMBER 1984 4075

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2420295/cr0440094069.pdf by guest on 19 M

ay 2023



D. S. Salomon et al.

102:267-277, 1980
10. Doolittle, R. F.. Hunkapilter,M. W., Hood, L. E., Devare,S. G., Bobbins, K. C.,

Aaronson, S. A., and Antoniades, H. N. Simiansarcoma virus one gene, v-s/s,
is derived from the gene (or genes) encoding a platelet-derivedgrowth factor.
Science(Wash. DC),227: 275-277, 1983.

11. Fisher, P. B., Boersig, M. R., Graham, G. M., and Weinstein, l. B. Production
of growth factors by type 5 adenovirus transformed rat embryo cells. J. Cell.
Physiol., 774.-365-370,1983.

12. Folkman, J., and Haudenschild, C. C. Angiogenesis in vitro. Nature (Lond.),
288. 551-556, 1980.

13. Giovanella.B. C., Stehlin, J. S., Williams, L. S., Lee, S. S., and Sheppard, R.
C. Heterotransplantation of human cancers into nude mice. Cancer (Phila.),
42.:2269-2281.1978.

14. Graves, D. T.. Owen, A. J.. and Antoniades, H. N. Evidence that a human
osteosarcoma cell line which secretes a mitogen similar to platelet-derived
growth factor requries growth factors present in platelet-poor plasma.Cancer
Res., 43: 83-87, 1983.

15. Halper, J., and Moses, H. L. Epithelial tissue-derived growth factor-like poly
peptides Cancer Res., 43: 1972-1979, 1983.

16. Hand. P. H., Nuti. M., Colcher. D., and Schlom, J. Definition of antigenic
heterogeneity and modulation among human mammary carcinoma cell popu
lations using monoclonal antibodies to tumor-associated antigens. Cancer
Res.. 43: 728-735,1983.

17. Imai, Y.. Leung, C. K. H., Friesen.H. G., and Shiu, R. P. C. Epidermalgrowth
factor receptors and effect of epidermal growth factor on growth of human
breast cancer cells in long-term tissue culture. Cancer Res., 42: 4394-
4398,1982.

18. Kaplan, P. L., Anderson, M.. and Ozanne, B. Simian virus SV40 induces the
production of polypeptide transforming growth factors. Virology, 108: 484-
490, 1982.

19. Kaplan, P. L., and Ozanne, B. Polyoma virus transformed cells produce
transforming growth factor(s) and grow in serum free medium. Virology, 723:
372-380, 1982.

20. Kaplan, P. L., and Ozanne. B. Cellular responsiveness to growth factors
correlates with a cell's ability to express the transformed phenotype. Cell, 33:
931-938, 1983.

21. Kaplan, P. L., Topp. W. C., and Ozanne. B. Transforming growth factor(s)
production enablescells to grow in the absenceof serum:an autocrinesystem.
Proc. Nati. Acad. Sci. USA, 79: 485-489, 1981.

22. Keski-Oja, J., DeLarco. J. E.. Rapp, U. R., and Todaro, G. J. Murine sarcoma
growth factors affect the growth and morphology of cultured mouse epithelial
cells. J. Cell. Physiol., 704: 41-46, 1980.

23. Knauer, D. J., Iyer, A. P., Banerjee, M. R., and Smith, G. L. Identification of
somatomedin-like polypeptides produced by mammary tumors of BALB/c
mice. Cancer Res., 40: 4368-4372, 1980.

24. Kryceve-Hartinerie,C., Lawrence, D. A. Crochet, J., Jullien, P., and Vigier, P.
Cells transformed by Rous sarcomavirus releasetransforming growth factors.
J. Cell. Physiol., 773. 365-372, 1982.

25. Marquardt, H., Hunkapiller, M. W., Hood, L. E., and Todaro, G. J. Rat
transforming growth factor type 1: structure and relation to epidermalgrowth
factor. Science (Wash. DC), 223: 1079-1082.1984.

26. McClure, D. B. Anchorage-independentcolony formation of SV40 transformed
BALB/C-3T3 cells in serum-free medium: role of cell- and serum-derived
factors. Cell, 22. 999-1006, 1983.

27. Moses, H. L., Branum, E. L., Proper, J. A., and Robinson, R. A. Transforming

growth factor production by chemically transformed cells. Cancer Res.. 47:
2842-2848,1981.

28. Nickell, K. A., Halper, J., and Moses, H. L. Transforming growth factors in
solid human malignant neoplasms. Cancer Res., 43:1966-1971,1983.

29. Osbome. C. K.. Hamilton, B., and Mover,M. Receptor bindingand processing
of epidermal growth factor (EGF) by human breast cancer cells. Proc. Am.
Assoc. Cancer Res., 22: 4, 1981.

30. Osbome, C. K., Hamilton,B., Titus, G., and Livingston, R. B. Epidermalgrowth
factor stimulation of human breast cancer cells in culture. Cancer Res., 40:
2361-2366,1980.

31. Owens, A. H., Coffey, D. S., and Baylin, S. B. (eds).Tumor Cell Heterogeneity:
Origins and Implications. New York: Academic Press, Inc., 1982.

32. Ozanne, B., Fulton, R. J., and Kaplan, P. L. Kirsten murine sarcoma virus
transformed cell lines and a spontaneously transformed rat cell line produce
transforming growth factors. J. Cell. Physiol., 705:163-180,1980.

33. Pathak, M. A., Matrisian, L. M., Magun, B. E., and Solomon, S. Effect of
epidermalgrowth factor on ctonogenic growth of primary human tumor cells.
Int. J. Cancer, 30: 745-750, 1982.

34. Peehl,D. M., and Stanbridge, E. J. Anchorage-independentgrowth of normal
human fibroblasts. Proc. Nati. Acad. Sci. USA, 78: 3053-3057, 1981.

35. Roberts. A. B., Anzano, M. A., Lamb, L. C., Smith, J. M., Frolik, C. A.,
Marquardt, H., Todaro, G. J., and Sporn, M. B. Isolation from murine sarcoma
cells of novel transforming growth factors potentiated by EGF. Nature (Lond.),
295:417-419,1982.

36. Roberts, A. B., Anzano, M. A., Lamb, L. C., Smith, J. M., and Sporn, M. B.
New class of transforming growth factors potentiated by epidermal growth
factor: isolation from non-neoplastic tissues. Proc. Nati. Acad. Sci. USA, 78:
5339-5343,1981.

37. Roberts, A. B., Lamb, L. C., Newton, D. L., Sporn, M. B., DeLarco, J. E., and
Todaro, G. J. Transforming growth factors: isolation of polypeptides from
virally and chemically transformed cells by acid/ethanol extraction. Proc. Nati.
Acad. Sci. USA, 77. 3494-3498,1980.

38. Salomon, D. S. Inhibition of epidermal growth factor binding to mouse em
bryonal carcinoma cells by phorbal esters mediated by specific phorbol ester
receptors. J. Bid. Chem., 256: 7958-7966, 1981.

39. Salomon,D. S., LJotta,L. A., and Kidwell, W. R. Differentialresponse to growth
factor by rat mammary epithelium plated on different collagen substrata in
serum-freemedium. Proc. Nati. Acad. Sci. USA, 78: 382-386,1981.

40. Shafie, S. M., and Grantham, F. H. Role of hormones in the growth and
regression of human breast cancer cells (MCF-7) transplanted into athymic
nude mice. J. Nati. Cancer Inst., 67: 51-56, 1981.

41. Sherwin, S. A., Twardzik, D. R., Bonn, W. H., Cocktey, K. D., and Todaro, G.
J. High-molecular-weight transforming growth factor activity in the urine of
patients with disseminatedcancer. Cancer Res., 43. 403-407,1983.

42. Todaro, G. J., and DeLarco, J. E. Growth factors produced by sarcoma virus-
transformed cells. Cancer Res., 38: 4147-4154, 1978.

43. Todaro, G. J., DeLarco, J. E., Fryling, C., Johnson, P. A., and Sporn, M. B.
Transforming growth factors (TGFs): properties and possible mechanismsof
action. J. Supramol. Struct. Mol. Btochem., 75: 287-301,1981.

44. Twardzik, D. R., Ranchaos.J. E., and Todaro, G. J. Mouse embryonic trans
forming growth factors related to those from tumor cells. Cancer Res., 42:
590-593, 1982.

45. Zwiebel, J. A., Davis, M. R., Kohn, E., Salomon, D. S., and Ktiwell, W. R.
Anchorage-independentgrowth-conferring factor production by rat mammary
tumor cells. Cancer Res., 42: 5117-5125,1982.

4076 CANCER RESEARCH VOL. 44

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2420295/cr0440094069.pdf by guest on 19 M

ay 2023



TGFs in Human Breast Cancer Cells

Fig. 1. Growth of NRK cells in soft agar in the presenceof add-
ethanol extracts from human breast tumors. Cells were grown for
14 days with aliquots (200 Â¿il/ml,2 mg/ml) of MCF-7 (A)or Clouser
II (B) tumor extracts, stained, and photographed. Nitro blue tetra-
zolium, x 100.
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