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These studies were set up to determine whether those oncogenes participating in the
initiation of mammary carcinogenesis (for example, 7as oncogenes) play a direct role in
the outcome of events associated with the late stages of tumor development such as loss
of hormone dependency. Mammary carcinomas induced by a single carcinogenic insult
in pubescent rats was selected as an in vivo model system with direct relevance to

human breast cancer. Acquisition of hormone-i

in these carcino-

gen-induced tumors was found to be independent of the activation of ras oncogenes

during the early stages of carcinogenesis. In agreement with these observations,
introduction of a human ras oncogene into human MCF-7 breast carcinoma cells did

not abrogate their hormonal

for growth in vivo. These findings suggest

that those events responsible for the critical stages of breast cancer development occur
independently and in an uncoordinated manner.

UMAN BREAST CANCERS ARE DE-

pendent on estrogen for growth.

This property has made it possible
to devise therapeutic strategies involving the
removal of circulating estrogen either by
ovariectomy, hypophysectomy, or by treat-
ment with anti-estrogens such as tamoxifen.
Many breast cancers evolve into an estrogen-
independent growth phenotype, a change
that often marks the beginning of a more
aggressive phase of the discase and makes
them nonresponsive to anti-estrogen thera-
py. It is, therefore, important to understand
those factors that contribute to the escape of
breast tumor cells from estrogen dependen-
cy in vivo.

Among model systems with which to
study mammary carcinogenesis in vivo, in-
duction of breast adenocarcinomas in rats by
chemical carcinogens has been the most
widely used because this system has close
similarities to human breast cancer. The rat
tumors are hormone responsive since ovari-
ectomy, hypophysectomy, or injection of
anti-estrogens results in their regression (I-
4). However, a significant proportion be-
comes independent of hormonal supply dur-
ing the late stages of tumor progression (I-
4). We have previously shown that mamma-
ry carcinogenesis in rats proceeds by differ-
ent molecular pathways depending, in part,
on the nature of the initiating carcinogen.
Whereas more than 85% of rat mammary
carcinomas induced by a single dose of
nitrosomethylurea (NMU) contain trans-
forming H-ras oncogenes, only one in four
tumors induced by dimcdlylbcnz[a]andlra-
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cene (DMBA) contain such oncogenes (5-
6).

The differential involvement of H-ras on-
cogenes in the induction of breast tumors in
rats has made it possible to devise an experi-
mental | with which to examine the
role of oncogenes in the hormonal require-
ments of these tumors. DNAs were isolated
from 55 carcinogen-induced rat tumors and
tested in transfection assays for their ability
to transform NIH 3T3 cells. Twenty-three
(88%) of 26 NMU-induced tumors were
able to induce foci, whereas only 6 (21%) of
29 DMBA-induced carcinomas scored posi-
tive. Representative transformants were sub-
mitted to Southern blot analysis and shown
to carry rat H-ras sequences, thus demon-
strating that the transforming principle pres-
ent in each of these mammary tumor DNAs
was the H-ras oncogene (5). Oligonucleo-
tide hybridization analysis of each of the H-
ras oncogenes present in the NMU-induced
tumors demonstrated the presence of the
same G—A transition, a mutation diagnos-
tic of NMU-induced mutagenesis (6). These
results indicate that the oncogenes become
directly activated by the initiating carcino-
gen NMU during the very early stages of
tumor development (6).

The presence of ras oncogenes in tumors
of known hormonal status was next investi-
gated. Tumor-bearing rats were ovariecto-
mized and the size of each tumor was moni-
tored for a week. Tumors that regressed to
less than half of the original size were con-
sidered as regressors. Those that cither
maintained or increased their size were con-
sidered as p; rs. As shown in Table 1,
80% of the NMU-induced tumors that re-
mained hormone-dependent carried H-ras
oncogenes. A similar percentage (83%) of
tumors that lost hormone dependency for
growth also contained H-ras oncogenes.
These results illustrate that the presence of

H-ras oncogenes did not correlate with their
hormonal status. A similar conclusion was
reached when we examined the results ob-
tained with the DMBA-induced tumors. H-
ras oncogenes were found in 20% of those
tumors that remained hormone-dependent
and in 33% of those that acquired hormonal
autonomy. Thus, the molecular pathways
involved in the initiation of carcinogenesis,
such as H-ras oncogene activation, do not
determine the loss of hormone dependency
during the late stages of mammary tumor
development.

The tumorigenic properties of ras onco-
genes can be modulated by their levels of
expression (7). Therefore, those tumors har-
boring H-ras oncogenes may have lost their
hormone growth requirements by a mecha-
nism involving increased expression of this
oncogene. To examine this possibility, we
measured the levels of H-ras oncogene
expression in such tumors by immunoblot-
ting (8). We used the widely reactive Y13-
259 monoclonal antibody to p21 (9) as well
as a novel monoclonal antibody designated
E184 that is specific for p21°", the product
of H-ras oncogenes activated by GGA—
GAA mutations in their 12th codon (10).
All tumors examined to date, independently
of their hormonal status, expressed very low
levels of normal or mutated p21°* proteins,
or both. Moreover, quantitative experi-
ments performed with four cell lines derived

Fig. 1. Expression of p21V* in transfected MCF-
7 cells. Cells (107) dcnved from cultures of (a)
MCE-7; (b) MCF-neo; (c) MCF-H-ras; (d and c)
MCF- '1‘24 (f) NIH 3T3 cells transformed by a

rat H-ms oncogene p21°™; (g) normal
NIH 3T3 cells; and (h and i) NIH 3T3 cells
transformed by MCF-T24 DNA were lysed in
RIPA buffer and i ipitated with the
monoclonal antibody Y13-259 to p21 (9). Immu-
noprecipitates were to electrophoresis
in linear 12.5% SDS-polyacrylamide gels and
transferred to nitrocellulose. Filters were incubat-
ed for 2 hours with 25 pg/ml of DWP, a mono-
clonal antibody specific for p21 proteins carrying
a Gly—»Val substitution in position 12 (8),
washeddmeeumwnﬁTBS(msOOIMmO%
NaCl), ed with goat antiscrum to
mouse - imm bulin complexed with horse-
radish peroxidase (Bio-Rad) for 1 hour. The
immune complexes were visualized by reacting
with 4-chloro-1-nap! previously described
(8). Mngmuonoprl""nsmdluwdbyanmow
Molecular weight markers included bovine serum
albumin (69,000), ovalbumin (46,000), carbonic
anhydrase (30,000), trypsin inhibitor (21,500),
and lysozyme (14,300).
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from hormone-dependent (NMU26 and
NMU38) and -independent (NMU58 and
NMU68) tumors (10) revealed no signifi-
cant differences in the levels of p21°"
expression.

The possibility that other oncogenes
might be involved in the loss of hormone
dependency in these tumors was examined
by searching for genetic abnormalities in
several known proto-oncogenes including
abl, exbB1, fins, fos, myb, and nen. Some of
these genes are involved in certain human
malignancies such as chronic myelogenous
and acute lymphocytic leukemias (abl), glial
tumors (erbB1), myeloid leukemias (myb),
Burkitt’s lymphoma (c-myc), and mammary
carcinomas (nen, c-myc) (11). A total of 40
tumor DNAs, including ten NMU- and
DMBA-induced progressor and regressor
tumors, were subjected to Southern blot
analysis with probes specific for each of the
above oncogenes. Thirty-eight of these tu-
mors showed no detectable abnormalities in
these loci. An NMU-induced progressor
tumor showed an amplified (10X) c-meyc
locus and a DMBA-induced regressor tumor

exhibited a similar degree of c-myb amplifi-
cation. No significant genetic alterations
could be observed in the locus encoding the
rat estrogen receptor. These results indicate
that those molecular events responsible for
the loss of hormone dependency in carcino-
gen-induced rat tumors do not involve gross
genetic alterations in either the proto-onco-
genes tested or in the estrogen receptor
itself.

To extend our observations to human
breast cancer, we examined whether 7as on-
cogenes contribute to loss of estrogen de-
pendency in MCF-7 cells, a well-character-
ized human breast carcinoma cell line.
MCF-7 cells were transfected with a human
H-7as oncogene isolated from the T24 blad-
der carcinoma cell line and with a normal H-
#as gene isolated from human placenta DNA
(12, 13). Two plasmids, designated pAL8
and pAL11, were generated by inserting the
6.6-kbp Bam HI DNA fragments contain-
ing either the T24 oncogene or its normal
H-ras allele, respectively, at the single Bam
HI site of pSV2#neo. The plasmid pSV2#neo
renders mammalian cells resistant to the

Table 1. H-ras oncogenes in rat mammary tumors of known hormonal status. The growth of mamm:
carcinomas was monitored for 1 week after ovariectomy. Tumors that regressed to half or less than half
their original size were termed hormone-dependent, whereas those that remained steady or increased in
size were termed hormone-independent. The H-7as oncogenes were detected as described (5, 6).

Initiating Hormonal n”frcr)ltoais H-#as oncogene
carciniogen status tested Positive Negative
NMU Hormone-dependent 5 4 (80%) 1 (20%)
Hormone-independent 6 5 (83%) 1 (17%)
DMBA Hormone-dependent 10 2 (20%) 8 (80%)
Hormone-independent 12 4 (33%) 8 (67%)

-antibiotic G418 (I4). Transfection of
5 x 10° MCF-7 cells with 0.5 pg of pALS,
pPAL11, or pSV2#nes led to the generation of
about 300 G418-resistant colonies, none of
which had significant morphological alter-
ations. Several of these colonies were exam-
ined by Southern blot analysis for the pres-
ence of transfected sequences. Three clones
from each group, designated MCF-T24,
MCF-H-ras, and MCF-neo were selected for
further studies.

The presence of a functionally active H-
ras oncogene in the MCF-T24 clones was
verified by two methods. First, we examined
the expression of its gene product, p21V?,
by immunoblotting analysis with a mono-
clonal antibody that discriminates between
this mutated grotcin and the normal H-ras
product, p215% (8). Expression of p21V2
was detected in the MCF-T24 cell lines but
not in MCF-7 cells or in the MCF-H-7as and
MCF-neo clones (Fig. 1). Each of these cells
expressed similar levels of endogenous p21
proteins, as determined by immunoprecip-
itation with the widely reactive Y13-259
monoclonal antibody (9). Second, DNAs
isolated from each of the MCF-T24 cells,
but not from the parental MCF-7 cells,
induced the appearance of transformed foci
in NIH3T3 cells. Each of the NIH3T3
transformants analyzed expressed hi%h levels
of the H-7as oncogene product, p21"# (Fig.
1). These results unequivocally demonstrate
the presence of a functional H-ras oncogene
in the MCF-T24 cells.

The growth properties of these clones
were next examined. In the absence of estro-
gen, neither the parental MCF-7 cells nor
the subclones transfected with the neo gene

Table 2. Growth properties of MCF-7 cells transfected with H-7as oncogenes. MCF-7 cells (5 X 10°) were transfected with 0.5 pg of pSV2#neo, pAL11, or
pALS as previously described (19). Agar colony formation efficiency was tested by seeding 107, 10%, or 10* cells in 0.33% agarose suspension on a 0.55%
agarose underlay in 60-mm petri dishes. The suspension medium was a 1:1 mix of Dulbecco’s minimum essential medium and Ham’s F12 supplemented with
either 10% fetal bovine serum, 10% charcoal adsorbed fetal bovine serum containing estradiol valerate (5 X 107°M), or 10% charcoal adsorbed fetal bovine
serum. Cultures were evaluated 2 weeks later. Colonies consisting of more than 100 cells were counted. Female Swiss nude mice were either left untreated or
ovariectomized at 4 weeks of age. Half of the ovariectomized mice received weekly subcutaneous injections of estradiol valerate (15 p.g/100 g of body weight)
starting the fifth week until the end of the experiment. At the same time, mice from all three groups received a subcutaneous injection of 5 X 108 MCF-7 cells
or the sublines shown, in the area of the inguinal mammary fat pad. Growth of the injected cells was monitored at weekly intervals for 12 weeks. Results
shown are the composite of two experiments with six animals per group in each experiment.

Colony formation in agar*

Nude mice with tumors/total

Trans-

fected Oncogene Cell line Un- Charcoal adsorbed serum Un- Ovariectomized mice

plasmid treated treated

serum —Estrogen +Estrogen mice —Estrogen +Estrogen

None MCEF-7 1.0 <0.001 0.5 0/12 0/12 10/12
pSV2neo MCF-#ne0-1 1.0 <0.001 0.4 0/12 0/12 10/12
MCE-ne0-2 0.9 <0.001 0.6 0/12 0/12 11/12
MCE-n¢0-3 0.6 <0.001 0.2 0/12 0/12 10/12
pAL11 H-ras proto- MCE-H-7as-1 0.6 <0.001 0.2 0/12 0/12 12/12
oncogene MCF-H-ras-2 0.7 <0.001 0.3 0/12 0/12 11/12
MCEF-H-7as-3 0.7 <0.001 0.5 0/12 0/12 11/12
pALS8 H-ras oncogene MCF-T24-1 5.0 0.8 2.5 0/12 0/12 11/12
MCF-T24-2 2.5 0.5 1.0 0/12 0/12 12/12
MCF-T24-3 3.0 0.5 1.0 0/12 0/12 10/12

*Numbers shown are average of two determinations expressed as percentage of cells forming colonies in agar.
outgrowths ranging from 2 to 4 mm in diameter 2 weeks after injection, which regressed completely by the end of the experiment.
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18ix to eight mice in each of the groups showed tumor
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or the H-»as proto-oncogene grew to form
colonies in agar. In contrast, each of the
MCEF-T24 cell lines carrying the H-7as onco-
gene grew with limited efficiency (less than
1%), forming colonies of more than 100
cells in about 10 days (Table 2). These
results are in agreement with previous ob-
servations indicating that activated H-ras
oncogenes conferred growth advantage to
MCEF-7 cells, partially overcoming their re-
quirement for estradiol supplementation in
vitro (15). However, injection of MCF-T24
cells in estrogen-depleted (ovariectomized)
nude mice did not lead to tumor formation
unless they received estrogen supplementa-
tion (Table 2). Under these conditions,
both the parental MCF cells and those carry-
ing the normal H-#as proto-oncogene also
led to tumor development (Table 2). These
observations indicate that the human H-ras
oncogene can overcome the hormonal de-
pendency of MCF-7 cells for growth in
vitro, but not in vivo.

A previous report has indicated that a »as
oncogene driven by tandem retroviral long
terminal repeats (LTRs) can release MCF-7
cells from their hormonal requirements in
vivo, albeit at low frequency (16). These
findings are likely to be the consequence of
overexpression of the 745 oncogene. It is well
known that whereas retroviral 7as oncogenes

are sufficient to induce tumors in immuno-
competent animals, their cellular oncogenic
counterparts require additional oncogenes
to induce the full malignant phenotype.
Thus, caution must be exerted when extrap-
olating results obtained with #as oncogenes
driven by powerful heterologous regulatory
elements.

The present studies were set up to investi-
gate whether 7as genes, the oncogenes most
frequently found in human cancer (7), play a
role in the losss of estrogen dependency
associated with the late stages of progression
of breast carcinomas. We used two widely
utilized models for human breast cancer,
induction of mammary carcinomas by a
single carcinogenic insult to pubescent rats
(17) and the estrogen-dependent MCEF-7
human tumor cell line (18). The results
obtained in both model systems support the
concept that #as oncogenes, when driven by
their own regulatory elements, do not in-
duce growth of mammary carcinoma cells in
vivo in the absence of estrogen stimulation.
Since 7as oncogenes are involved in the
initiation of a significant fraction of rat
mammary adenocarcinomas, our findings
suggest that loss of hormone dependency in
breast cancer results from genetic events
independent of those involved in the initia-
tion of the neoplastic process.
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