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ABSTRACT

Spontaneous or therapeutic-ally induced progression of hormone-de

pendent human breast cancer to a form not amenable to endocrine
treatment has been frequently recorded in clinical settings. In an experi
mental model system, we have changed the estrogen-dependent tumori-
genicity of a human breast cancer cell line, MCF-7, to an independent
state by stably introducing a model oncogene, y-ras", into this cell line

by means of DNA transaction. We now show that the oncogene-trans-
fected hormone-independent MCF-7 cells may secrete diffusible tumori-
genie factors that not only support their own tumor growth in vivo, but
are also Immorally active in partially triggering the tumor growth of wild
type previously nontumorigenic MCF-7 cells, even when the wild type
cells are implanted at a distant anatomical site in the same animal.
Estrogen-independent tumor formation by MCF-7 cells was also induced
in 50% of animals given injection by continuous administration of condi
tioned media from MCF-7-roi cells. However, the wild type tumors had
limited tumor growth. Tumors were verified as adenocarcinomas and by
Southern blotting were shown to be derived from the cells injected. In an
in vitro coculture assay, a 5- to 7-fold enhancement in anchorage-
independent growth of MCF-7 cells was observed in the presence of
MCF-7-raÃ feeder cell layer. These data suggest that v-r<w"-induced
estrogen-independent tumorigenicity of human breast cancer cells occurs
by secretion of mitogens which may function in an endocrine manner.

INTRODUCTION

The mechanism of growth control in estrogen-dependent and
-independent human breast cancer is not completely under
stood. The human breast cancer cell line, MCF-7, provides a
model for estrogen responsiveness in vitro and estrogen depend
ence for tumorigenicity in vivo (1-6). In the absence of estradici,
MCF-7 cells are nontumorigenic in ovariectomized athymic
mice. Estrogen-induced phenotypic changes in these cells, es
pecially tumor formation, are reminiscent of alterations in
cultured cells caused by oncogene activation, oncogene trans-
fection, or growth factor stimulation. Some of the genes acti
vated by estrogen treatment may have growth-enhancing func
tions analogous to those of known oncogenes (see Ref. 7 for
review).

In an attempt to abrogate the estrogen dependence of MCF-
7 cells, we transfected the cells with v-rasH gene of Harvey
murine sarcoma virus in the presence of the pSV2-gpt plasmid,
which functions as a dominant selectable marker (8). We were
able to show that the transfected MCF-7 cells were rendered
hormone independent for tumor formation when transplanted
to athymic ovariectomized mice. Concomitant with the loss of
estrogen dependence, the ros-transfected (MCF-7-ras) cells also
became only minimally responsive to growth regulation by
estradici and antiestrogens in culture, although estrogen recep
tor and some estrogen responses such as induction of proges
terone receptor and M, 52,000 protein persisted (8). The control
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clones transfected with the pSV2-gpt DNA alone, MCF-7-gpt,
were nontumorigenic and still estrogen responsive similar to
the wild type MCF-7 cells.

The molecular basis of /-Â«.v-inducedestrogen independence is

unclear. At least two possible mechanisms may be considered
to account for this phenomenon. The oncogene product may
directly or indirectly stimulate growth by interacting with intra-
cellular targets. The activated ras gene product itself is mito-
genie in a variety of rodent cells; microinjection of Mr 21,000
ras protein induces DNA synthesis and results in proliferation
of quiescent cells (9, 10). Elevated expression of M, 21,000
protein appears sufficient to induce oncogenic transformation,
since ligation of viral transcript ional promoter sequence results
in activation of transforming activity of both rat and human
normal cell ras" gene (7). Alternatively, transfection may result

in the constitutive synthesis and secretion of growth factors
necessary for in vivo proliferation. The latter possibility is
supported by the fact that MCF-7-ras cells had augmented
secretion of TGF-a3 and IGF-I in amounts comparable to
estrogen stimulation of MCF-7 cells (11), and that several
hormone-independent, highly tumorigenic breast cancer cell
lines constitutively secrete higher levels of growth factors (12).
Recent studies have suggested that TGF-a could be involved in
an autocrine fashion in the development of malignancies in vivo
(13).

In the studies reported here, we have addressed directly the
role of MCF-7-roÃsecretions in the acquisition of the estrogen-
autonomous tumorigenic phenotype. By using a novel in vivo
tumorigenic assay in nude mice, we show that the hormone-
independent MCF-7-ros cells can partially stimulate tumor
formation by wild type MCF-7 cells in an estrogen-depleted
host, even when the wild type cells were injected at a different
anatomical site from the test cells, MCF-7-ros. Further, in an
in vitro coculture assay, a feeder layer of MCF-7-raÃ cells
stimulated the anchorage-independent growth of the wild type
MCF-7 cells by 5- to 6-fold. The results suggest production of
diffusible, systemically active tumor-stimulating factors by the
hormone-independent MCF-7-roj cells.

MATERIALS AND METHODS

Cells. MCF-7 cells (1) were originally obtained from the Michigan
Cancer Foundation (Detroit, MI). MCF-7-ros cells were obtained by
transfecting v-ras" oncogene from Harvey murine sarcoma virus into
MCF-7 cells in the presence of the pSV2-gpt plasmid, which functions
as a selectable gene marker (8). MCF-7 cells transfected with the PSV2-
gpt DNA alone, MCF-7-gpt, were used as a control for all the studies
with MCF-7-ras cells. Cells were cultured in 10% fetal calf serum or in
5% sulfatase and CCS in IMEM (GIBCO) as described (4).

Tumorigenicity Experiments. Cultured cells in log phase of growth
were harvested with trypsin-EDTA and resuspended in medium
(IMEM) containing 5% CCS at a density of 2 x IO7cells/ml. Approx
imately 4 x IO6cells of each type were inoculated in two anatomically
distant mammary fat pads of each ovariectomized athymic mouse (Ncr-

3The abbreviations used are: TGF-a, Â«-transforming growth factor; IGF-I,
insulin-like growth factor I; CCS, charcoal-treated calf serum; IMEM, improved
minimal essential medium; PBS, phosphate-buffered saline; TGF-/3,0-transform-
ing growth factor.
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nu, 3-4 weeks old). A 0.5-mg 170-estradiol pellet (Innovative Research
of America) was implanted in some animals inoculated with estrogen-
dependent cell lines. Local tumors became apparent within 2-3 weeks.
Tumors more than 0.2 cm in diameter were scored as positive. The size
of the tumors was measured 4 weeks after inoculation.

Collection, Processing, and Infusion of Conditioned Medium into Nude
Mice. Cells were grown to 70-80% confluency with 10% fetal bovine
serum. Prior to collection, the monolayers were washed in serum-free
IMEM and grown in serum-free IMEM containing 2 nig/liter each of
fibronectin, transferrin (Collaborative Research), and 20 mM 4-(2-
hydroxyethyl)-l-piperazineethanesulfonicacid buffer, pH 7.4.

After 12-16 h, the first collection of serum-free conditioned medium
was discarded. Fresh conditioned medium was collected after 48 h, and
0.2% (v/v) of aprotinin (20 trypsin-inhibitor units/ml, Sigma) was
added. After centrifugation at 800 x g for 10 min at 4Â°C,the medium

was filtered through a 0.45-Mm filter unit. The filtrate was concentrated
100- to ISO-fold by uh nifi Itral ion at 4C in an Amicon ultrafiltration
cell using YM5 (Amicon) membranes. The concentrate was dialyzed
overnight at 4Â°Cagainst 2-3 changes of IMEM. The medium was

lyophilized, reconstituted in sterile PBS, centrifuged, and filtered
through 0.45 f/m filters. The concentrated conditioned medium was
filled into Alzet miniosmotic pumps under sterile conditions. The
pumps were implanted s.c. in middorsal positions in athymic ovariec-
tomized mice. The pumps delivered concentrated medium at a constant
pumping rate of 0.5 jil/h for 2 weeks. The equivalent of 8 ml of
concentrated condition medium/day was infused into the animals. The
animals also received an inoculum of 4 x IO6 MCF-7 cells in 0.25 ml

of IMEM plus 5% CCS in the mammary fat pad area.
Cell monolayers used for collection of conditioned medium were

harvested in PBS containing 0.04% EDTA, sonicated, and aliquots
were taken for DNA determination by a fluorescence assay (14). Cel
lular DNA concentration was used to calculate the volume of condi
tioned medium for filling the pumps from the same equivalents of
producer cell DNA.

Anchorage-independent Growth Assay. MCF-7-ros or MCF-7-gpt
cells were plated in triplicate in 35-mm tissue culture dishes at a density
of 10s cells/well in IMEM containing 5% CCS. After the cells were

attached, medium was aspirated and the monolayer was gently overlaid
with a 1-ml layer of IMEM containing 0.8% Bacto agar, 10% CCS,
and 2 mM glutamine. After the agar hardened, a 0.8-ml top layer of
IMEM containing 0.36% agar, 10% CCS, and 3 x IO3 MCF-7 cells
was added. Cultures were incubated at 37Â°Cin 5% CO2 atmosphere for

6-10 days. Colonies were counted with a Bausch & Lomb stem cell
colony counter. Colonies greater than 60 /un (approximately equivalent
to more than 50 cells) were scored as positive. The data are represent
ative of three experiments each done in triplicate and shown as mean
Â±SE.

DNA Isolation and Southern Blot Analysis. Genomic DNA was
isolated directly from tumors and also from secondary cultures derived
from dispersed tumor cells. The restriction enzyme-digested DNA was
separated by electrophoresis on a 0.7% agarose gel, transferred to
nitrocellulose paper (15), and hybridized to a 32P-labeled insert probe
that contains the \-ras" sequences (8). Hybridization was performed
for 16 h at 42Â°Cin 50% formamide, 3 x 0.15 M NaCl-0.015 M sodium
citrate, 3 x Denhardt's solution, 0.5% sodium dodecyl sulfate, 10 mM

Tris (pH 7.5), 20 Â¿ig/mlsheared and denatured salmon sperm DNA,
and 10% dextran sulfate. Blots were normally washed to a final strin
gency of 0.5 x 0.15 M NaCl-0.015 M sodium citrate at 60Â°C(16).
Autoradiography was at â€”70Â°Cfor 1-3 days by using X-ray films and

intensifying screen.

RESULTS

Estrogen-independent Tumorigenicity of MCF-7 Cells in Nude
Mice. We developed an in vivo bilateral tumor model system in
nude mice in which tumorigenicity assays were performed by
injecting, simultaneously, hormone-independent (MCF-7-ras)
and hormone-dependent cells (MCF-7 or MCF-7-gpt) into two
anatomically distant sites (opposite mammary fat pads). Bilat

erally injected wild type MCF-7 or MCF-7-gpt cells served as
control. In the absence of any exogenous estrogenic sources,
animals were monitored for tumor formation at both sites of
injection. As shown in Fig. 1 and further summarized in Table
1, s.c. tumors became apparent within 2-3 weeks of implanta
tion of MCF-7-ras cells at a 100% incidence, and the tumors

Fig. 1. Estrogen-independent tumorigenicity of MCF-7 cells. The animal
shown here (4 weeks old, ovariectomized athymic female mouse, Ncr-nÂ«)received
an inoculum (4 x 10* cells) each of MCF-7-roj cells in the left and wild type
MCF-7 cells in the right mammary fat pad region. Tumors (indicated by arrows)
became visible 3 weeks after starting the injections. The animal was not given an
estrogen pellet.

Table 1 Estrogen-independent tumor growth of (estrogen-dependent) breast
cancer cells

Approximately 4 x 10*cells of each type were inoculated in two anatomically
distant mammary fat pads of each ovariectomized athymic mouse (Ncr-nu, 3-4
weeks old). The size of the tumors was measured 4 weeks after inoculation.

Site of
injectionLeft

RightLeft

RightLeft

RightLeft

RightLeft

RightCells

Estrogen supple- Tumor
inoculated mentation"incidence'MCF-7-roÃMCF-7MCF-7-roÃ

MCF-7-gptMCF-7

MCF-7MCF-7-gpt

MCF-7-gptMCF-7

+
MCF-726/26

15/263/3

2/30/20

1/200/40/411/13

11/13Tumor

cross-section
area(cm2)0.6

Â±0.04C (n =
0.11 Â±0.01 (n=0.71

Â±0.05
0.12Â±0.010.050.62

Â±0.08
0.56 Â±0.06(Â«

=
(Â«=(n

=
(n=(Â»

=(/!
=(Â»

=(71
=5)'

5)1)

1)4)

4)1)

I)2)2)

Â°17,9-Estradiol pellet (0.5 mg) implanted s.c.
* Tumors formed/mice inoculated.
' Mean Â±SE.
d Number of different experiments.
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grew progressively in an estrogen-autonomous manner. Inter
estingly, under these conditions tumors also developed contra-
laterally in 50-55% of the injection sites of MCF-7 or MCF-7-
gpt cells (Table 1). The MCF-7 or MCF-7-gpt tumors grew
steadily for 4-7 weeks, after which these ceased to grow.

Control animals receiving an inoculum of either MCF-7 cells
or MCF-7-gpt cells in both the sites, did not develop tumors in
the absence of estrogen supplementation to the animals. One
control animal developed a tumor in one of the sites of MCF-
7 implantation. This tumor, however, regressed 4 weeks after
its appearance; by contrast, the induced MCF-7 tumors were
still present and maintained their size in the animals which
received an inoculum of MCF-7-ras cells in the opposite site.
Wild type MCF-7 cells were highly tumorigenic in both inocu
lation sites when animals were treated with a 0.5-mg estradici
pellet (Table 1). These tumors appeared with an incidence of
85-90% as early as 2-3 weeks after inoculation and grew
progressively in size at a rate comparable to MCF-7-ros-induced
tumors. These results are consistent with the idea that MCF-7-
ras cells produce diffusible, systemically active tumor stimulat
ing factors which are capable of conferring partial tumorigenic-
ity in nontumorigenic MCF-7 cells, even when MCF-7 cells are
injected at a distance from MCF-7-ras cells.

Upon histolÃ³gica! examination, the malignant nature of the
tumors was indicated by invasiveness of neoplastic cells (Fig.
2). Tumors formed either by the wild type MCF-7 cells or by
MCF-7-ras cells were poorly differentiated invasive adenocar-
cinomas and were indistinguishable from each other. Intense
diffuse and cord-like infiltration of pleomorphic neoplastic cells
with a dense connective tissue stroma was clearly evident in
both the tumor types.

While wild type MCF-7 tumors were induced in the presence
of MCF-7-ras cells, uterine growth of animals remained unaf
fected. This excludes production of a true estrogen by the MCF-
7-ras cells. On an average, after 4-6 weeks of tumor formation,
the uterine wet weight was 10.7 Â±2.9 mg (SD) in animals
bearing MCF-7-ras/MCF-7 tumors, comparable to uterine wet
weight of 8.4 Â±2.7 mg in unstimulated ovariectomized animals.
Uteri in animals bearing MCF-7 tumors induced by estradici
pellets had mean uterine weights of 86 Â±13.2 mg. Furthermore,

uterine histology showed no hyperplasia (data not shown).
Undetectable levels of radioimmunoassayable estradici and es
trone were observed in the blood of animals bearing MCF-7-
ras/MCF-7 tumors. Thus the tumor stimulus produced by
MCF-7-ras cells which induces the wild type MCF-7 cells, is
apparently not generally estrogenic.

Although MCF-7 cells were initially derived from metastatic
effusions of patients with breast cancer, we have not seen
macroscopic mÃ©tastasesfrom MCF-7-ras or the wild type
MCF-7 cells in nude mice. To prove that the tumors induced
at the site of MCF-7 or MCF-7-gpt inoculation by transinocu-
lated MCF-7-ras cells did not arise from mÃ©tastases,we ana
lyzed DNA from the cultured tumor-derived cells for the pres
ence of \-ras" sequences. Southern blots (Fig. 3) of Pstl- and
ATroI-digested DNA revealed v-ras"-related sequences inte
grated in MCF-7-ras tumor-derived cells which were absent in
MCF-7 or MCF-7-gpt tumor-derived cells. These results thus
confirm that contralaterally induced tumors were derived from
the cells injected. We also analyzed the tumor DNA directly
for the v-rosH-related sequences and confirmed that the wild
type tumors were devoid of v-ras"-related sequences (data not

shown).
Detection of Tumorigenic Activity in Conditioned Medium.

MCF-7 cells as well as other breast cancer cells secrete a number
of polypeptide growth factors including IGF-I (17), transform
ing growth factors of both a and ÃŸtype (12, 18, 19), platelet-
derived growth factor, an epithelial cell colony-stimulating fac
tor, and an autocrine motility factor (7). Secretion of some of
the growth factors in MCF-7 cells is increased both by estradici
stimulation and v-ros" transfection (11). Consistent with this

finding is the fact that certain murine cell lines transformed
with oncogenes, specifically the v-ras", secrete TGF-a, TGF-/3,
and platelet-derived growth factor-like molecules (20-23).
These growth factors enhance cellular growth in vitro, and also
cellular tumorigenicity in vivo as shown recently (12, 13).

To test the biological activity of the culture supernatants, we
analyzed the medium conditioned by the wild type MCF-7 and
MCF-7-ras cells for stimulation of in vivo tumorigenicity of

1 2 3 1 2 3

D
Fig. 2. Histology of bilaterally developed tumors in athymic mice. Tumors

were excised and fixed in 10% formalin. Tissues were embedded in paraffin,
sectioned, stained with hematoxylin-eosin (American Histo Labs. Rockville, MD),
and photographed at x 12 (A and O or x 80 (B and /)). I and II. tumor from
MCF-7-ras cells: C and D. tumor from MCF-7 cells.

Kb

4.4

3.3

Kb

20.2
14.1

Pstl Xhol
Fig. 3. Detection of v-ror" sequences in DNA of cell cultures derived from

tumors. Tumors initiated at both the sites were excised and treated with a double
enzyme mixture (collagenase, 100 units/ml; hyaluronidase, SO units/ml) for 8 h
at room temperature. The dispersed tumor cells were next cultured. Genom ic
DNA (10 (ig) from cells derived from MCF-7-ras tumors (Lane I), MCF-7 tumors
(Lane 2), and MCF-7-gpt tumors (Lane 3) was digested with Pst I or Xho I,
subjected to electrophoresis, Southern blotted, and hybrized to "P-labeled v-ror"
probe. The blots were washed in 1 x 0.15 M NaCl-0.015 M sodium citrate
containing 0.5% sodium dodecyl sulfate at 60*C for 90 min with three changes
and once in 0.5 x 0.15 M NaCl-0.015 M sodium citrate for 30 min at 60'C and
exposed to Kodak XAR-5 films. Kb, kilobase.
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MCF-7 cells in an estrogen-independent manner. Concentrated
serum-free conditioned medium was infused into ovariecto-
mized animals via Alzet miniosmotic pumps, and MCF-7 cells
were inoculated s.c. into the animals. After a period of 3 weeks
tumors appeared at the site of inoculation in 50% of inoculated
animals receiving conditioned medium from MCF-7-ras cells
(Table 2). Control animals receiving MCF-7 cells either alone
or in combination with pumps containing PBS or concentrated
nonconditioned medium did not develop tumors. Conditioned
medium collected from MCF-7 cells or MCF-7-gpt cells also
induced tumors but at lower incidence. MCF-7-ros-conditioned
medium was apparently more potent in stimulating MCF-7
cellular tumorigenicity than the MCF-7 or MCF-7-gpt-condi-
tioned medium (2 of 12 tumors induced by MCF-7 and MCF-
7-gpt-conditioned medium versus 8 of 16 tumors induced by
MCF-7-ras-conditioned medium). The tumors, although his-
tologically similar to MCF-7-ras-induced adenocarcinomas,
had limited tumor growth. The conditioned medium-induced
tumors reached maximum size in 3-4 weeks (approximately
one-tenth the size of MCF-7-ras tumors), usually declining in
size thereafter. We have previously reported a similar observa
tion with MCF-7 tumors induced with conditioned medium
from estrogen-stimulated cells (24). The reason for incomplete
tumorigenesis in the presence of conditioned media is not clear;
perhaps certain other factors required for angiogenesis are
lacking. The results, however, do suggest that conditioned
medium from MCF-7-ras cells contain elevated levels of tumor
factors which may humorally act to induce tumorigenicity of
the parental MCF-7 cells.

In Vitro Assay of Transforming Activity in Conditioned Me
dium. We next used an independent assay as an in vitro correlate
of tumorigenicity to test the biological activity of the diffusible
factor secreted by MCF-7-ras cells. Loss of anchorage depend
ence and acquisition of the ability to grow in a semisolid growth
medium have been shown to be associated with cellular tumor
igenicity (12). We developed a coculture soft agar colony for
mation assay to test the anchorage-independent growth of
MCF-7 cells in the presence of MCF-7-ros feeder layer (Fig.
4). A 5- to 7-fold higher efficiency of colony formation by MCF-
7 cells was observed when MCF-7-ras cells acted as the condi
tioner in feeder cultures. If, on the other hand, MCF-7 or MCF-
7-gpt cells were used in the feeder layer, a low but detectable
number of MCF-7 colonies was identified. We have also seen
that in the absence of any feeder layer, MCF-7 cells per se were
poorly clonogenic in soft agar under these culture conditions
(Fig. 4). Physiological concentrations of estradiol stimulated
colony formation by MCF-7 cells to the same extent as seen
with MCF-7-ras cells in feeder layer. Surprisingly, MCF-7 cells
demonstrated no augmented response to estradiol in the pres
ence of MCF-7-ras feeder layer. We conclude that MCF-7-ras
cells secrete a diffusable activity(s) which cross-feeds and
thereby replaces estradiol in conferring anchorage-independent
growth of MCF-7 cells.

Table 2 Estrogen-independent rumor formation by MCF-7 cells in athymic mice
in response to concentrated conditioned medium

Indicator cell colonies -

Cell Feeder layer mSfrVS

Top Agar layer

Bottom Agar layer

Pump contents

Tumor
Tumor cross-section

incidence" area (cm2)

PBSIMEMConditioned

medium (MCF-7cells)Conditioned
medium (MCF-7-gptcells)Conditioned
medium (MCF-7-ras cells)0/40/41/61/68/160.050.040.08 Â±0.01*

UV/UIOcoLUi

Â»400
O 0
O-po
E=j

A200u.

o--n11nJLJLFeeder

layer - - MCF-7 MCF-7 MCF-7 MCF-7

Fig. 4. Anchorage-independent growth of MCF-7 cells in response to condi
tioner cells in feeder layer.

DISCUSSION

Breast cancer has been observed in individual patients over
time to change from an estrogen-dependent to a hormonally
independent tumor. Commonly, the estrogen-independent de
rivatives pursue a more aggressive growth pattern in the patient.
MCF-7 cells represent a model for estrogen-dependent breast
cancer, relevant to clinical settings. These cells show continuous
growth in culture, as is true of other transformed cells. However,
these cells per se are insufficient for tumorigenesis in vivo.
Exogenous estrogen is necessary for these cells to express the
fully malignant phenotype. The v-ras" oncogene converts this

cell line from absolute hormone dependence of in vivo tumor
formation to an estrogen-independent, fully tumorigenic phe
notype. In a bilateral tumor model system, we now show that
the in v/'vo-induced MCF-7-ras tumors and also the media

conditioned by these cells, can partially stimulate tumor for
mation by wild type MCF-7 cells, even when the wild type cells
are injected at a different anatomical site. Contralateral tumors
by MCF-7 cells, although smaller in size, were verified as
adenocarcinomas and were shown not to contain the v-ros*1

sequences. Corresponding observations were made in a soft
agar assay with MCF-7-ras cells growing in an attached feeder
layer, that anchorage-independent colony formation of MCF-7
cells was induced by MCF-7-ras cells. These data are consistent
with the possibility that MCF-7-ras cells secrete growth factors
that may stimulate their own growth and also provide a humoral
network for tumor growth of distantly implanted cells /// vivo.

Members of ras gene family have been frequently found as
transforming genes in a broad spectrum of human cancers (7).
However, their role has not been thus far clearly understood in
mammary carcinomas, c-ros" activation (mutated at the codon

12) has been reported in a cell line, Hs578T, derived from a
carcinosarcoma in the breast (25). Increased expression of ras
encoded M, 21,000 protein has been shown in some malignant
breast tumors as compared with normal breast tissues (26-28).
In another study loss of one c-ros" alÃelein breast carcinoma
DNA which also showed the c-rosH-related AamHI-restriction

fragment length polymorphism, has been suggested to correlate
with tumor aggressiveness and subsequent formation of distal
mÃ©tastases(29). Using NIH/3T3 focus-forming assay, we could
not detect transforming gene in mammary tumors.4 Further-

" Tumors formed/mice inoculated.
4 Mean Â±SD of two experiments. 4 Unpublished data.

5736

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/21/5733/2429497/cr0470215733.pdf by guest on 19 M

ay 2023



v-raÃ" TRANSFECTION AND HUMAN BREAST CANCER CELLS

more, expression of the ran oncogene in human breast cancer
is not hormonally regulated (8). At the present time there is no
definitive correlation between aberrant expression of an onco
gene with oncogenicity in breast cancer.

Our studies show that an exogenous activated oncogene can
bypass the hormonal requirement for tumor formation and
convert a previously estrogen-dependent cell line into an inde
pendent tumorigenic line. From these studies, it does not nec
essarily follow that ras activation is the only mechanism by
which primary breast cancer in vivo becomes estrogen inde
pendent. Given the ability of activated ras genes to fully trans
form many types of cells, including normal cells when linked
to strong transcriptional enhancers (30), it should not be sur
prising that MCF-7 cells become hormone independent. The
results, however, do suggest that a single gene mutation or gene
amplification in a cell which already has malignant potential,
can radically alter its tumor phenotype. In vivo, such a biological
event may be related with the proliferation of a variant of the
original breast cancer clone with a newly activated oncogene
which could provide a selective growth advantage and eventually
result in its growth autonomy.

It is interesting to note that the mammary tumors induced
by injection of nitrosomethylurea into rats, which contain a
transforming ras" gene, still remain estrogen dependent for

growth in vivo (31). This may possibly be explained by differ
ences in biological activity between the \-ras" and activated c-
ras*1genes. The \-rasH encoded M, 21,000 protein differs from
the normal human cellular homolog (c-ras"'1) at 2 amino acids,

12 and 59 (8). Further, in our studies quantitative changes in
v-ras" expression due to experimentally induced amplification
of the \-ras" by transcriptional enhancers may also be impor

tant.
One mechanism by which ras transfected MCF-7 cells be

come fully tumorigenic in nude mice may be the induction of
growth stimulatory molecules. Induction of several molecular
species with growth-promoting activity including IGF-I, TGF-
a, and TGF-/3 have been identified in MCF-7-ras cells (11).
Some of these growth factors when delivered to athymic mice
via minipumps partially confer hormone-independent tumori-
genicity of MCF-7 cells (24). Although the wild type MCF-7
cells did form tumors when inoculated into mice in presence of
MCF-7-ros tumors or MCF-7-raÃ-conditioned media released
via minipumps, the wild type tumors were smaller in size. The
growth factors produced by MCF-7-ras cells may not be ade
quate to stimulate complete tumor formation by the wild type
cells. It is also likely that the growth factors may not be the
sole mediators of hormone-independent tumorigenicity. Per
haps certain other factors may be lacking, including those
required for angiogenesis.

Recently, several examples of establishment of growth factor-
independent, fully tumorigenic systems by oncogenes have been
reported for a number of factor-dependent, nontumorigenic cell
lines (32-35). The system clearly resembling the one described
here is the conversion of hormone-responsive murine mammary
cells to the hormone-independent state by coinoculation with
hormone-independent cells (36). Although generation of an
autocrine system as the mechanism of transformation is plau
sible (37-42), it may not address the whole process of in vivo
induction of tumors. We report a new finding suggesting that
growth factors secreted from autonomous cells confer hormone-
independent potential in nontumorigenic, hormone-dependent
cells implanted at a distance. This observation underscores
production of endocrine mitogen(s) by the hormone-indepen
dent cells. Further progress on the nature of these factors is

central to our understanding of growth regulation of breast
cancer and its escape to hormone-independent cancer.
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