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GROWTH FACTORS IN BREAST CANCER: MITOGENESIS
TO TRANSFORMATION
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Summary—While endocrine steroid hormones have been known for many years to regulate
normal and malignant mammary epithelium, recent studies have led to an appreciation of
polypeptide growth factors as locally-acting autocrine and paracrine effectors. In the current
article we summarize what is known about growth factor regulation and action in the normal
mammary gland and about perturbations of the steroid-growth factor interplay as cancer
progresses. A major theme is that oncogenic activation modulates both regulation of
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production and function of growth factors in the mammary gland.

INTRODUCTION

Breast cancer arises in 1 in 9 women in North
America. It is characterized by a nearly absolute
dependence on intact ovaries for its onset and
progression in women of all ages, but it is
primarily a postmenopausal disease. The reason
for this appears to be because prolonged ex-
posure of the gland to ovarian hormones is
required, but the disease is usually associated
with a long latency of 20 years or more[l].
Excessive proliferation, dedifferentiation, gen-
etic mutability, and metastases often character-
ize the disease when it is clinically manifest. It
is not yet known what genetic defects occur
early in the disease process, but ovarian hor-
mones appear to be critical to the accumulation
of genetic changes. The proliferation of the
normal gland is highest in the luteal phase of
the menstrual cycle, suggestive of an interaction
of both estrogen and progesterone, which are
present in this phase. In premenopausal disease,
the ovarian hormone estrogen appears to be of
primary importance in driving breast cancer
proliferation. In postmenopausal breast cancer,
when blood levels of ovarian-derived estrogen
and progesterone are extremely low, breast
tumors appear to arise under control of other
factors, among which are estrogen synthesized
peripherally by aromatase and sulfatase mech-
anisms. Candidates for additional factors regu-
lating breast proliferation and tumorigenesis are
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locally acting growth factors, genetic alterations
of protooncogenes, and aberrant interactions of
stromal epithelial compartments [2]. Of note is
the observation that of the most common onco-
gene activations in breast cancer (c-erbB2 and
c-myc oncogene amplifications) c-myc amplifi-
cation is associated with postmenopausal breast
cancer. While c-erbB2 amplification is associ-
ated with particularly poor prognosis breast
cancer, irregardless of menopausal status, c-myc
does not appear to be of strong prognostic
significance. This suggests that c-myc may func-
tion in premalignant changes and early in tumor
progression and that c-erbB2 might be particu-
larly important later in the progression. Alter-
natively, an unknown gene coamplified with
c-myc might be of primary importance [3]. This
article will focus on the potential mechanisms of
action of c-myc in early stages of malignancy.
We will address the hypothesis that c-myc may
act, in part, by a synergistic transforming inter-
action with several growth factor receptor tyro-
sine kinase activities. This mechanism will be
contrasted with that of c-erbB2 amplification
which may act on its own, irrespective of c-myc
amplification to contribute to other features
of the cancer phenotype later in malignant
progression.

Estrogen and progesterone are closely associ-
ated with breast epithelial proliferation, tumori-
genesis, and malignant progression. Because
of this, recent studies have begun to address
the mechanisms of action of these two
ovarian steroids. Numerous investigators are
examining defective or overexpressed growth
regulatory genes (oncogenes) and locally-acting
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polypeptide hormones (growth factors) as poss-
ible mediators and modulators of steroid action
in breast cancer [4, 5]. One class of growth fac-
tors under investigation includes the transform-
ing growth factors (TGFs). Undoubtedly a
misnomer, they derive their names from their
ability to reversibly induce the transformed
phenotype (anchorage independent growth) in
certain rodent fibroblasts. They were initially
found to be synthesized and secreted by a
variety of retrovirally, chemically, or oncogene-
transformed human and rodent cell lines [4, 5].
They now are known to serve as locally-acting
polypeptide hormones with widespread distri-
bution and quite varied functions.

THE MANY ROLES OF TGFa AND EPIDERMAL
GROWTH FACTOR (EGF) IN MAMMARY
PROLIFERATION, CARCINOGENESIS
AND TUMOR GROWTH

Milk, the natural secretory product of the
mammary epithelial cell, is an extraordinarily
rich source of growth factors including members
of the TGFa, TGF§, insulin, and mammary
derived growth factor (MDGF) families. This
observation suggests possible functional roles
for newborn as well as for mammary gland
physiology [6]. EGF and its closely related
superfamily member TGFa appear to be im-
portant regulators both of the proliferation and
differentiation of the mouse mammary gland
in vivo and of mouse mammary explants
in vitro [7, 8). EGF or TGFu is also required as
an in vitro supplement for the clonal anchorage
dependent growth, of normal human mammary
epithelial cells [9]. However, although human
breast cancer cells do not require exogenous
EGF for continuous growth, many retain recep-
tors and growth stimulatory responses to ex-
ogenous TGFa and EGF [10, 11].

Biologically active, EGF/TGFa-like proteins
have been extracted from mouse mammary
glands undergoing lobuloaveolar growth of
mid-pregnancy [7]. Studies by Vonderhaar and
others have shown that TGFa can produce
qualitatively the same biological effects as EGF
in mouse mammary explants and cultured
human and mouse mammary epithelial cell
lines but TGFo appears more effective than
EGF in explant cultures [7, 12}, TGF« and EGF
can both induce other morphogenic aspects of
lobuloalveolar growth in vitro and in vivo. The
localizations and potential functions of TGFa
and EGF in mouse mammary development

have been studied recently[I13]. Different
patterns of growth factor localization were ob-
served, depending upon the individual growth
factor and the stage of development ranging
from virgin to mid-pregnant to mid-lactating.
mRNA transcripts TGFa and EGF were both
detected in virgin and mid-pregnant glands, but
during lactation only EGF was expressed.
TGFa was localized immunohistochemically
in the proliferating, epithelial cap—cell layer of
growing terminal endbuds and in stromal fibro-
blasts at the base of the terminal endbuds. This
localization pattern strongly suggested a close
association of TGFa with proliferation. In con-
trast to TGFa, EGF was localized in the inner
layers of the terminal endbud and in luminal
secretory ductal cells. This localization would
strongly suggest a close association of EGF with
secretion and lactation[2). A functional role
in vivo of EGF and TGFa has been demon-
strated in the mouse with small pellet implants
of the growth factors. EGF or TGFa pellet
implants were able to stimulate endbud growth
in regressed glands (following ovariectomy).
This effect appeared to be specific, since insulin
was ineffective [13, 14].

An additional study detected TGFa mRNA
in mammary epithelium and some stromal cells
by in situ hybridization. This study focused on
the proliferative, lobuloalveolar development
state of both rodent and human pregnancy [15].
TGFo mRNA and protein and EGF receptor
are all detected in vitro in proliferating human
mammary epithelium, but are expressed at very
low levels in resting epithelial organoid rem-
nants derived from reduction mammoplasty
tissue [16, 17]. TGFa is known to act as an
autocrine growth factor in normal human mam-
mary epithelial cells in mass culture; an anti-
EGF receptor antibody reversibly inhibits
proliferation [17].

A new member of this growth factor super-
family, termed amphiregulin [18], has also been
discovered in a breast cancer cell line treated
with a tumor promoter. However, its exact
physiological role in normal and malignant
proliferation remains to be determined. Para-
doxically, this growth factor appears to inhibit
breast tumor cells, but not normal cells
in vitro [19]. Two other members of this growth
factor superfamily, a heparin-binding EGF-like
macrophage derived factor [20] and a human
embryonal carcinoma factor called cripto [21]
have not yet been examined in breast tissue.
Additionally, a 30 kDa factor which binds EGF



Growth factors and nuclear oncogenes 71

receptor and c-erb B2 has been described but not
sequenced [22].

TGFa has been directly implicated as a
mediator or modulator of mammary epithelial
transformation in a number of studies. Over-
expression of TGFa following transfection of a
human TGFa DNA expression vector into the
immortal, but non-tumorigenic, mouse mam-
mary epithelial cell line NOG-8 led to its
capacity for anchorage independent growth [23].
Another study utilized a newly described, spon-
taneously immortalized human breast ductal
epithelial cell line, called MCF-10A as recipient
for the TGFa gene. This cell line is negative
for estrogen and progesterone receptors and
contains a high level of EGF receptors. It was
able to undergo morphologic transformation
in response to transfection by TGFu [24]. In
contrast, TGFa transfection of MCF-7 breast
carcinoma cells, which have low levels of EGF
receptor, does not confer a significant growth
advantage in vitro or in vivo {25].

Studies of human breast cancer biopsies have
established that TGFa mRNA and protein
are detected in 70% or more of the speci-
mens [26, 27] and in approx. 30% of benign
breast lesions [28]. TGFa has been found
by immunohistochemical techniques in fibro-
adenomas and 25-50% of primary human
mammary carcinomas [29,30] and an EGF
related protein of 43kDa has been recently
isolated from breast cancer patient urine [31].
TGFa/EGF are subjects of future research in
tumor biopsies serum or urine with the hope
that will eventually be found useful in early
detection, in determining prognosis, or in estab-
lishing tumor burden. While it is possible that
TGFa is involved in tumor growth regulation, it
is of note that TGFu itself can induce ascitic
fluid [32] and contribute to angiogenesis, demo-
plasia, and immunosuppression [4-6).

In human breast cancer cell lines in vitro,
unequivocal evidence of significant autocrine
growth control by the TGFa—EGF receptor
system has only been seen in the hormone
independent MDA-MB-468 cell line, a line with
high TGFa expression and an amplified EGF
receptor [33]. If this observation were common
in breast cancer cells, such studies would appear
to have implications for developing novel thera-
peutic strategies. However, aside from the few
percent of breast cancers overexpressing EGF
receptor by such a gene amplification, this
growth factor receptor system will probably not
be of primary importance in autocrine growth

regulation of malignant and metastatic breast
cancer. For example, though hormone depen-
dent MCF-7 cells both synthesize and respond
to exogenous addition of TGFa in vitro and
in vivo [34] no autocrine significance can be
proven. In addition the CAMA-1 cell line re-
sponds to estrogen but does not possess EGF
receptors [35]. Also, TGFa or EGF receptor
gene transfection into MCF-7 or ZR 75-1 cells
will not allow a significant growth advantage for
the cells either in vitro or in vivo {36, 37]. It seems
likely that the EGF receptor—TGFa system may
be much more critical in normal gland growth
and early stages of breast tumorigenesis than in
the later stages of the disease. Therapeutic strat-
egies employing EGF receptor ligands or anti-
bodies coupled to toxins or therapeutic drugs
are being actively pursued in the hope of thera-
peutic utility, since a large portion of hormone
independent breast cancers express significant
levels of this receptor even though a direct
function in most breast cancer tumors of the
receptor has not been proven [11, 38, 39].

EGF RECEPTOR SIGNAL TRANSDUCTION
AND FUNCTION

The EGF receptor serves to regulate prolifer-
ation in multiple tissues during fetal develop-
ment, adult life, and pregnancy[40]. The
superfamily of this ligand-receptor system ap-
pears to be quite ancient because all 7 of the
ligands described to date are structurally related
to Drosophila notch, delta, and slit genes and to
nematode lin-12 and glp-1 genes [41]. Members
of this growth factor family are usually syn-
thesized from transmembrane precursors and
processed by proteolytic cleavage to yield the
soluble final form. Though such processing
usually occurs, it has been recently demon-
strated that the uncleavaged precursor can act
on the receptor of an adjacent cell in a mode of
action termed “juxtacrine”. Gycosylation and
palmitoylation of this family of growth factors
sometimes occurs. The characteristic three
disulfide linkages in the secondary structure of
all members of this growth factor superfamily
are critical for growth factor action [42].

The EGF receptor and other members of its
superfamily are transmembrane proteins with
extensive external glycosylation. Signal trans-
duction requires growth factor binding and is
associated with receptor dimerization within the
plane of the membrane. Signal transduction is
mediated through the c-src oncogene-like kinase



72 RoBERT B. DICKSON et al.

domain, while kinase substrate specificity in-
volves recognition by an additional region
amino terminal to the c-src domain. Several rec-
eptor substrates of particular interest for signal
transduction studies have been identified: phos-
pholipase Cy, phosphoinositol-3y kinase, GAP,
MAP kinase, raf kinase, and several growth
factor receptors. Receptor function appears to
be attenuated through a protein kinase C-medi-
ated phosphorylation of a submembranous
threonine residue [43]. In addition, receptors are
internalized through a poorly understood mech-
anism involving yet another short segment in-
tracytoplasmic region amino terminal to the
kinase domain. Recognition of the receptor by
coated pits results in internalization into endo-
somes and destruction in lysosomes [44].

It is not yet clear how genetic alterations
acquired during the process of breast tumorige-
nesis might interact with the EGF receptor
signal transduction mechanism. It seems poss-
ible that the receptor function could change as
a result of modulation of receptor turnover
kinetics, coupling of kinase to a particular sub-
strate(s) or more modulation of function of a
receptor substrate to alter gene control.

ADDITIONAL TYROSINE
KINASE-RECEPTOR-GROWTH FACTOR
SYSTEMS IN BREAST CANCER

Tyrosine kinase activity characterizes most
of the cell surface receptors which appear to be
important in positive regulation of mammary
epithelial cells. As described above, the EGF
receptor is probably the best understood. A
second well known member of the EGF recep-
tor superfamily, c-erbB2 also appears to be
quite important, particularly in the context of
its gene amplification and overexpression in
malignancy [45, 46]. The structure of c-erbB2 is
extremely similar to that of the EGF receptor.
An external domain, transmembrane domain,
and cytoplasmic domain with tyrosine kinase
region are all present with high homology to the
EGF receptor. Signal transduction through the
receptor appears to occur in a manner quite
similar to that of the EGF receptor. This has
been documented in several studies demonstrat-
ing that in fibroblasts, hybrid receptors with
EGF extracellular domain fused to c-erbB2
transmembrane and cytoplasmic domains can
respond to EGF with production of a growth
signal [47]. A new superfamily member, c-erbB3
has also been recently identified in breast can-

cer [48]. However, the implications of c-erbB3
for breast cancer biology or prognosis or
for normal breast function are unknown at
present.

Until recently, no ligands for c-erbB2 had
been proposed. An approx. 30kDa TGFu-
related species has been isolated from the
conditioned medium of the hormone indepen-
dent MDA-MB-231 breast cancer cell line
(and identified in some other hormone depen-
dent and independent breast cancer cell
lines [26, 49, 22, 50, 51]. When tested on cells
containing EGF receptor, such as fibroblasts,
normal mammary epithelial cells, and hormone
dependent breast cancer cells, the purified
growth factor has a stimulatory effect. However,
on cells expressing high levels of c-erbB2 in
addition to the EGF receptor, the growth factor
derived from MDA-MB-231 cells appears to be
biphasic: slightly stimulating and then inhibi-
tory [22]. It is not known if inhibition can be
obtained in vive or if related growth factors
from other breast cancer cell lines have this
characteristic. The TGFa-like molecule from
MDA-MB-231 cells is capable of displacing
the monoclonal antibody 4DS5 from its epitope
on the extracellular domain of c-erbB2, and
appears to be the first candidate ligand for
c-erbB2 receptor [22]. The exact structure of the
growth factor relationship between the gene for
this protein and TGFa remains to be deter-
mined since sequencing has not been reported.
An apparently similar factor has been isolated
from transformed rat fibroblasts [52].

The fibroblast growth factors (FGFs) and
insulin growth factors (IGFs) may also play an
important role in mammary proliferation and
cancer. Although FGF receptors are in normal
mammary epithelial cells [52], they have not
been extensively studied in breast cancer.
Expression of IGF-I receptor has been corre-
lated with good prognosis in hormone
dependent breast cancer [54]. IGF-I, basic and
acidic FGF as well as FGF-5 are also known to
be produced by normal mammary stromal
fibroblasts [53, 55]. Stroma of breast cancer
patients produces IGF-II [81]. Normal mam-
mary epithelial cells are stimulated by these
growth factors. Breast cancer cell lines also
have been shown to produce mRNA for
most members of the FGF family as well as
IGF-related activities and IGF-binding pro-
teins [56-58] and platelet derived growth factor
(PDGF) [49]. 1t is thought that IGF, PDGF,
and FGF related growth factors may contribute
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to stromal-epithelial communication in tumors.
Conceivably, this communication could be bidi-
rectional, with growth factors such as TGFa,
PDGF, and FGF originating in the epithelium
and stimulating the stroma. The stroma, in turn,
could secrete factors such as IGF, FGF and
TGFa-related factors to support early, or even
later, more malignant lesions. Another major
function of FGFs and other factors released
by breast cancer may be in promoting tumor
blood vesel infiltration, a process known as
angiogenesis [59].

During development of the mammary gland,
multiple roles have been suggested for some of
these tyrosine kinase-related growth factors [7).
Functions for EGF, TGFa and their receptors
have been previously described in both ductal
growth of puberty and in lobuloalveolar growth
of pregnancy/lactation. While IGF-I is import-
ant predominantly in the ductal growth,
insulin is particularly important in lobuloalve-
olar growth. Insulin, IGF-I and IGF-II are all
capable of mitogenic effects on human breast
cancer as well [81-83]. Members of the FGF
family are less well studied at present with
respect to their effects on mammary growth and
development. However, it is known that both
basic and acidic FGF can stimulate normal
human mammary epithelial cells in cul-
ture [52, 60]. In mouse mammary epithelial cells
in culture, basic FGF has been shown to have
both growth stimulatory as well as dedifferenti-
ating effects (casein synthesis was inhibited) [61].
It has been shown that histologically normal
human mammary epithelial cells are not as
responsive to bFGF as breast carcinoma
derived cells [60]. In addition, it is known that
normal mammary epithelial cells and the milk-
derived but immortalized HBL-100 all produce
bFGF, but breast adenocarcinoma cell lines
apparently do not. So far, only the carcinosar-
coma Hs5789 was shown to produce bFGF [62].

The receptors for the insulin, PDGF and
FGF families are all tyrosine kinases, but have
different structures from the EGF receptor
superfamily. The FGF and PDGF receptors are
similar to the EGF receptor, but they have a
split tyrosine kinase domain. Both of these
receptors represent expanding superfamilies of
receptors [62, 64]. Insulin and IGF-I receptors
are tetrameric proteins; they contain two
disulfide linked extracellular ligand-binding «
subunits and two intracellular tyrosine kinase-
containing B subunits. At present, it is not
known which growth factor receptors are of

primary importance in early proliferation of
breast cancer versus later, in tumor progression
to more malignant forms.

Another growth factor-receptor system has
also been described in normal and malignant
breast epithelium [65-67]. MDGF-1 is a 62 kDa
glycosylated, disulfide independent growth
factor purified from human milk and from
primary human breast cancer. The growth
factor stimulates proliferation of normal and
some malignant human mammary epithelial
cells. In addition, it stimulates fibroblasts to
synthesize collagen but not proliferate. Its re-
ceptor is approximately 130 kDa, and receptor-
binding is closely associated with tyrosine
phosphorylation of a 180 kDa protein in the
membrane.

INTERACTION OF myc, fos, AND jum NUCLEAR
ONCOGENES WITH ESTROGEN AND
GROWTH FACTORS

The nuclear protooncogenes, c-myc, c-fos,
and c-jun, are of interest in human breast
cancer. c-fos and c-jun form heterodimeric
complexes termed AP-1, and they regulate
multiple genes through a defined consensus
sequence [68], c-myc also appears to form a
heterodimeric complex with another protein
called max (or myn in the murine species) to
modulate a different set of genes through a
different consensus sequence[69]. In many
systems, c-myc acts to promote cell prolifer-
ation, and inhibit differentiation. On a molecu-
lar level, proliferation appears to be modulated
by c-myc through regulation of initiation of
DNA replication. The carboxyl end of the c-myc
protein appears to be required for cell trans-
formation and for autosuppression, one of the
most clearly defined gene regulatory activities of
the protein [70].

The c-myc protooncogene can also confer
immortality to fibroblasts[71] and alter fibro-
blast responsiveness to growth factors [72, 73].
In human primary breast cancer, c-myc amplifi-
cation and overexpression have been reported
in 15 to 40% of tumors depending upon the
study [74-77]. c-myc amplification has not yet
proven to be definitely associated with clinical
staging or other known prognostic variables, it
has been found to correlate with poor prognosis
in only one study so far [100]. Recent reports
have suggested that c-myc expression may also
alter resistance to cis-platinum and other DNA
strand-scission-inducing drugs [78] and suppress
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differentiation in association with suppression
of collagen gene transcription [79]. c-myc is also
able to decrease transcription of rat nex onco-
gene (c-erbB2 homolog in murine species)
expressed in an NIH 3T3 cell line[80]). The
relevance of this observation for regulation of
mammary tissue or for the human c-erbB2
homolog is not yet known, but the study sup-
ports a role of c-myc as transcription regulator.
c-myc amplification also does not seem to be
associated with c-erbB2 amplification in pri-
mary breast cancer [81]. It is also of interest that
mutationally activated c-myc and v-myc genes
can suppress endogenous c-myc transcriptional
initiation when transfected into rat-1 fibro-
blasts [82]. c-myc and N-myc have been recently
shown to bind the retinoblastoma gene
product [83].

Invitro studies have also introduced the c-myc
gene into immortalized human or mouse mam-
mary epithelial cells using an amphotropic
retroviral vector. In mammary epithelial cells
immortalized and transfected either with c-myc
or SV40T nuclear oncogene (but not v-ras™ or
v-mos) it was observed that the cells could be
stimulated to grow in soft agar by either bFGF,
aFGF, EGF, or TGFu« [53, 84]. Since normal
human diploid human fibroblasts produce
EGF- and FGF-related growth factors [53, 55]
and their conditioned media can support trans-
forming growth of nuclear oncogene transfected
mammary epithelial cells there may be relevance
in vivo for stromal-epithelial interactions. These
data may suggest that c-myc might function
in early breast cancer lesions to allow growth
factors or hormones to act to drive aberrant,
transformed growth.

The nuclear protooncogenes are also induced
in vitro when human breast cancer cell lines are
stimulated to proliferate in monolayer culture
by estrogen and progesterone [85-88]. Within
1h of treatment, estrogen induces c-fos and
c-jun within 30 min and c-myc within 1h of
treatment. It is not yet clear how these nuclear
protooncogenes contribute to estrogen action.
However, a recent study has addressed c-myc
regulation during tamoxifen-induced tumor
regression in breast cancer patients. This study
demonstrated that tamoxifen treatment of
estrogen receptor positive breast tumors re-
sulted in a substantial decrease in c-myc
mRNA [89]. It is possible that estrogen and
progesterone may modulate cell proliferation
through simultaneous modulation of growth
factor and receptor synthesis and through in-

duction of nuclear protooncogenes to sensitize
the tyrosine kinase-mediated growth controls.
c-myc protooncogene may play an important
role in breast cancer in older women. Increased
amplification of c-myc has been observed in
human breast cancer tissue in postmenopausal
patients compared to premenopausal patients.
It is possible that this amplification reflects
cumulative proliferation and/or contributes
to aberrant mitogenic responses in postmeno-
pausal breast cancer [74]. c-myc expression is
also enhanced in many other tissues as aging
progresses [90] for unknown reasons.

In vivo models of breast cancer: transgenic mice

Transgenic mice have been established which
overexpress in the mammary glands c-myc, v-
Ha-ras, and activated c-neu (c-erbB2) onco-
genes, alone or in combination, to assess their
transforming potential in vivo. Two different
laboratories have succeeded in overexpressing
the c-myc protooncogene in mammary tissue
using either the MMTYV long terminal repeat
(LTR)[91] or the whey acidic protein (WAP)
gene promoters[92] to drive expression. The
WAP promoter is expressed primarily during
lactation, while the MMTV LTR driven by
glucocorticoid or progesterone will cause ex-
pression much earlier in pregnancy, and in a
wider range of tissues including salivary glands,
male accessory glands, and several secretory
glands of the head. In these studies, multiparous
females of 2/13 separate founder MMTV-myc
transgenic lines developed moderately well-
differentiated mammary adenocarcinomas. A
much higher frequency (80%) of mammary
tumors was observed in 3/3 founder lines of
WAP-myc transgenic mice, where mammary
tumors were observed only 2-3 months after the
initial onset of lactation. The mammary tumors
in WAP-myc mice appeared to be well-differen-
tiated, continuing to express myc and acquiring
constitutive expression and secretion of f-
casein. These investigations clearly establish the
likelihood of c-myc as a potent mammary
tumorigenic agent. However, the requirement in
these studies for initial overexpression to occur
at pregnancy-lactation, and the emergence of
extremely well-differentiated tumors may rep-
resent significant deviations from the human
disease. The role of transgenic c-myc over-
expression in a system allowing effects on virgin
mammary tissue and of any resulting tumors
have not yet been described.
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A novel ex vivo—in vivo approach using c-myc
expression directed by a retroviral vector has
also been utilized in mice[93] in a system
allowing construction of a “transgenic” gland.
Edwards et al. [93] transduced primary cultures
of mouse mammary epithelial ceils with c-myc
expressed in a retroviral vector and then retrans-
planted back to cleared mammary fat pads. This
technique allows regrowth of the mammary
ductal network and facilitates detection of ab-
normalities in growth or differentiation caused
by the oncogene. These studies have demon-
strated that the c-myc infectants grow as a
hyperplastic ductal network with ducts more
densely packed than normal. The impact of this
hyperplastic growth on development of cancer
has not yet been evaluated.

Another ex vivo—in vive approach[94] has
utilized the v-myc oncogene expressed by retro-
viral vector in chicken embryo fibroblasts
(CEF). The fibroblast growth in vitro in anchor-
age independent soft agar conditions was en-
hanced by EGF. In addition, when the
v-myc—CEF cells were implanted in the chorial-
latic membrane of the chicken embryo to assess
growth effects in vivo. Coimplantation of v-
myc—CEF with irradiated rat-1 cells secreting
recombinant EGF (but not growing) led to
formation of vascular, proliferation and
invasive tumors. Neither v-myc—CEF or irradi-
ated rat-1-EGF cells implanted alone led to
tumors. This study demonstrates that v-myc can
sensitize cells in vivo to the paracrine tumori-
genic effects of EGF.

Transgenic mice have also been used by three
laboratories to determine the effects of TGF«
expression on mammary gland development
and tumorigenesis. These transgenic studies
complement those using myc, ras and c-erbB2
protooncogenes in that they test the effects of an
agent thought to function primarily by inducing
proliferation. Theoretically, myc, ras and c-
erbB2 protooncogene activation and/or over-
expression could be thought of as representing
tumor initiation events, while TGFa over-
expression could represent a tumor promotional
event. Increased cell proliferation, such as that
induced by a tumor promoter may function to
increase cancer in the presence of background
mutational events or carcinogenic initiators. In
one study MMTV-TGFu« transgenic mice ex-
hibited terminal duct and alveolar hyperplasia
in both virgin and pregnant animals in 3/10
founder lines. Lobular hyperplasia, cystic hy-
perplasia, adenoma and adenocarcinoma (with

long latency) were observed [95]. Two other
studies utilized the mouse metallothioneine pro-
moter to drive TGFo expression[96,97]. In
both of these studies mammary adenomas and
adenocarcinomas developed in multiparous
transgenic females after a long latency (6-14
months). Jhappan et al. [96) also reported a
2-fold increase in epithelial cell proliferation
during glandular growth in addition to in-
creased ductular branching. Furthermore, in
this study a delayed epithelial penetration into
the fat pad was observed in pubescent TGFa
transgenic females, similar to earlier exper-
iments in which EGF capsules were implanted
near growing mammary epithelium [98].

SUMMARY

In summary, we have tried to present some of
the evidence establishing that growth factors
might be important local regulators of mam-
mary growth and development. Nuclear onco-
genes are emerging as important mediators and
modulators of autocrine- and paracrine-acting
growth factors, as well as endocrine-acting
ovarian steroids. c-myc gene amplification,
a frequent observation in breast cancer has
the potential to derange these normal controls.
Additional genetic changes leading to such
events as amplification of c-erbB2 oncogene
may help to complete the process of tumori-
genesis.
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