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Summary--Endogenous ovarian estrogens and progestins appear to play a critical role in the 
development and progression of breast cancer. Local productions of growth factors probably 
also contribute to malignant proliferation, while production and activation of collagenolytic 
enzymes may be equally critical for local invasive processes. The current review focusses on 
characterization of growth factor-receptor systems operant in normal and malignant breast 
epithelium. In addition, the determinants of local invasion are reviewed: attachment, modality, 
and proteose secretion. Finally, data are discussed concerning the regulation of both 
proliferation and invasion by hormones and antihormonal agents in hormone-dependent 
breast cancer. The results suggest new potential pharmacologic targets to explore to suppress 
onset and progression of breast cancer. 

INTRODUCTION: HORMONE-RESPONSIVE 
BREAST CANCER MODELS 

Exposure to the hormonal estrogenic steroids 
appears to be a critical in the carcinogenesis 
phase of human breast cancer, and in mitogen- 
esis of the hormone-dependent form of the 
disease. The initial hormonal requirements are 
often bypassed with progression of breast can- 
cer to a more advanced disease. Advanced 
disease also involves basement membrane inva- 
sion and distant metastases of the tumor. For 
experimental studies, established human breast 
cancer cell lines, generally derived from pleural 
effusions[l], can be used to study both the 
estrogen-dependent and -independent forms of 
the disease. The estrogen receptor positive 
MCF-7 cell line [2] has been widely studied 
(along with a few other such lines: T47D, ZR75- 
1) and provides a useful system to evaluate the 
molecular basis for action of estrogen and other 
hormones in breast cancer. This cell line exhibits 
estrogen sensitivity for progesterone receptor 
expression [3], proliferation in vitro [4-6], base- 
ment membrane invasion in vitro [7, 8], and 
expression of a host of specific mRNA species 
and proteins [9-16]. Of particular note, MCF-7 
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tumor formation in the nude mouse is depen- 
dent upon administration of estrogen[17]. 
Recent progress indicates that a number of 
polypeptide growth factors regulate breast 
cancer cell growth in vitro, and may contribute 
to the proliferative effects of estrogen on MCF-7 
cells through autocrine and paracrine actions. 
In this review, we summarize our current under- 
standing of the regulation of breast cancer cell 
proliferation and invasiveness by estrogenic 
hormones, antiestrogenic antagonists and 
growth factors. 

ANTIESTROGENS IN VITRO 
AND IN VIVO 

Antiestrogens have been extensively and suc- 
cessfully used in the clinical treatment of breast 
cancer; and they are also useful agents for in 
vitro study of breast cancer cell lines. The 
substituted triphenylethylene tamoxifen, and its 
active 4-hydroxylated metabolite (OHT), dis- 
play both estrogen agonism and antagonism in 
various systems[18-32]. They have relative 
binding affinities (RBAs) for rat uterine estro- 
gen receptor in vitro of approximately 2 and 
200% of 17~-estradiol, but exhibit nearly equal 
activity in vivo with a minimum effective dose of 
0.05--0.1 mg/kg [33]. Partial estrogen agonistic 
activity of these triphenylethylene compounds 
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is both species- and tissue-specific. They 
show pure estrogen antagonism in the chicken 
oviduct and mouse uterus, but only partial 
estrogen agonism in the rat uterus, rat liver 
and some areas of the rat brain [23]. They 
also stimulate expression of progesterone 
receptor [26-29], morphological changes [22], 
and elevation of some estrogen-dependent 
mRNA species[30-32] in cultured human 
breast cancer cells. Although long-term treat- 
ment of breast cancer cell lines in vivo in 
the nude mouse can lead to tumors that are 
resistant to[34], and even stimulated by[35] 
tamoxifen, tamoxifen is generally tumori- 
static for MCF-7 cell tumors in vivo [36, 37]. 
Tamoxifen can also suppress the onset of 
carcinogen-induced rat mammary tumors [38]. 
Tamoxifen is currently used in the clinical 
management of advanced human breast cancer 
where it significantly prolongs disease-free 
survival, particularly in post-menopausal ER + 
patients [39-41]. 

A second structural class of antiestrogens, the 
benzothiophenes LY 117018 and LY 156758 
(RBAs of 130 and 290% of 17fl-estradiol at 
30°C respectively [42, 43], exhibit higher antag- 
onism and less agonism in the rat uterotrophic 
assay [25, 42-44], and less agonism of estrogen 
effects on MCF-7 cells in vitro [8, 18, 45-47]. 
These antiestrogens, however, are less active 
than tamoxifen when tested against estrogen- 
depenent, carcinogen-induced, rat mammary 
carcinoma[46-49]. This is possibly due to 
poor pharmacokinetics[38]. These drawbacks, 
as well as reports of ocular toxicity, have 
precluded this antiestrogen series from clinical 
application. 

A new steroidal antiestrogen, N-butyl-N- 
methyl (10-triene-7-yl) undecanimide (ICI 
164,384) appears to be a purely antagonistic 
agent in a number of experimental model 
systems. This antiestrogen exhibits no estro- 
genic effect on uterine growth in immature 
rats and mice, and it reverses estrogen-induced 
proliferation and basement membrane invasive- 
ness of MCF-7 cells in vitro [50-53]. In contrast 
to estrogen, it does not appear to induce 
the DNA-binding conformation of the bound, 
isolated estrogen receptor[54]. Since partial 
estrogen agonism may restrict the effectiveness 
of antiestrogen therapy, the possibility exists 
that ICI 164,384, or related antiestrogens, 
may offer clinical advantage over the 
more agonistic non-steroidal antiestrogens 
like tamoxifen. 

REGULATION OF EXPRESSION 
OF THE ESTROGEN RECEPTOR 

The stimulatory effects of estrogen on MCF-7 
cell proliferation are mediated by the estrogen 
receptor (ER [4, 5]). The intracellular concen- 
tration of the estrogen receptor is modulated by 
cell culture density, growth rate and ligand 
milieu [55-61]. The mechanism of ER regulation 
has been examined in response to estrogen and 
antiestrogen at the levels of ER gene transcrip- 
tion, ER-mRNA stability, ER protein concen- 
tration and ligand binding levels. In response 
to 17fl-estradiol (10 9M). ER protein, as 
measured by immunoassay and estrogen recep- 
tor binding assay, decreased by 60% in 6 h, 
and remained suppressed for 24-48 h. RNase 
protection experiments showed that steady- 
state levels of ER-mRNA decreased maximally 
by 6 h after estrogen treatment, and remained 
suppressed for 48 h. Transcriptional "run-on" 
experiments with isolated nuclei demonstrated 
a transient 90% decrease in ER transcription 
within 1 h of estrogen treatment, this increased 
to a level approximately 2-fold higher than 
controls after 3-6h, and remained elevated 
for 48 h. These data suggest that estrogen down- 
regulates estrogen receptor mRNA by inhi- 
bition of estrogen receptor gene transcription 
at early times, and by a post-transcriptional 
suppression of receptor mRNA at later times. 
The level of ER-mRNA in the cellular nucleus 
declined in a manner similar to that of 
total ER-RNA, suggesting that post-transcrip- 
tional suppression of ER-mRNA is a nuclear 
event. 

ER regulation in MCF-7 cells has been ex- 
tamined in response to treatment with OHT and 
ICI 164,384 [62]. Treatment with 10-7M OHT 
had no apparent effect on the steady-state level 
of ER-mRNA, on ER transcription in tran- 
scription "run-on" experiments, nor on the con- 
centration of ER protein as measured by 
radioreceptor assay. In addition, OHT inhibited 
estrogen regulation of the receptor at the tran- 
scriptional and post-transcriptional levels. 
While ICI 164,384 also caused no change in 
steady-state ER-mRNA levels, it induced a 
60% decrease in the receptor protein level, 
suggesting post-translational regulation of ER 
expression. Taken collectively, these data 
suggest that ER regulation in MCF-7 cells is a 
complex process involving multiple levels of 
regulation by estrogen and antiestrogens: tran- 
scriptional, post-transcriptional, translational 
and post-translational. 
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HORMONAL REGULATION OF 
MCF-7 CELL PROLIFERATION 

Considerable controversy existed in the 1970s 
concerning the ability to elicit estrogenic and 
antiestrogenic effects in hormone-dependent 
breast cancer cell lines in vitro. Estrogenic and 
antiestrogenic regulation of MCF-7 cell pro- 
liferation in vitro has recently been enlightened 
by the finding that Phenol red, the pH indicator 
dye commonly used in tissue culture media, 
contains variable quantities of a contaminating, 
weak estrogen [63, 64]. Growth regulation stud- 
ies in the absence of Phenol red [18, 53, 65] have 
demonstrated that, effects of antiestrogens on 
MCF-7 cell proliferation are considerably 
blunted in the absence of estrogen, consistent 
with the hypothesis of estrogen receptor me- 
diation of antiestrogen effects. We have recently 
shown that both tamoxifen, and the less agon- 
istic LY 117018, stimulate MCF-7 cell prolifer- 
ation in estrogen-free culture, but that the 
steroidal pure antiestrogen ICI 164,384 does 
not [53]. All three antiestrogens, however, are 
clearly antagonistic in the presence of exogen- 
ous estrogen, and are effective against MCF-7 
cell tumors in the nude mouse [46, 50]. 

Estrogen induces a range of enzymes and 
other proteins involved in nucleic acid synthesis. 
This is consistent with its effects on MCF-7 cell 
proliferation. These endpoints include DNA 
polymerase, c -myc  protooncogene, thymidine 
and uridine kinases, thymidylate synthetase, 
carbamyl phosphate synthetase, aspartate tran- 
scarbamylase, dihydroorotase, glucose 6-phos- 
phate dehydrogenase, and dihydrofolate 
reductase [66-70]. Though increases in global 
transcription appear to be tightly coupled to 
estrogen action [71], no study has yet identified 
the most critically regulated gene(s). The exist- 
ence of "second message" regulatory systems in 
this hormonaUy-regulated proliferation process 
is also possible but has not yet been proven. 
Estrogen stimulated MCF-7 cell phosphatidyl 
inositol turnover occurs after a relatively long 
lag time of several hours [72]. In contrast, other 
growth regulators, such as the polypeptide 
growth factors [73, 74], induce this metabolic 
effect within minutes. Phosphatidyl inositol 
turnover could mediate the mitogenic effects of 
estrogen-induced growth factors. There is evi- 
dence that polypeptide growth factors, particu- 
larly the transforming growth factors (TGFs) 
and somatomedins (IGF-I and -II), may be 
involved in breast cancer cell proliferation via 
paracrine and autocrine loops, and may contrib- 

ute, as local mediators, to the mitogenic effects 
of estrogen on these cells. 

TGFa is mitogenic for normal and malignant 
breast epithelial cells. A TGFa-like activity was 
initially detected in conditioned media for 
MCF-7 cells, other breast cancer cell lines, and 
breast cancer extracts using the colony forma- 
ton bioassay with NRK and AKR-2B 
cells [75-79]. In contrast to the 6 kDa TGFa 
molecule isolated, cloned and sequenced from 
transformed fibroblasts, breast cancer cell 
TGFa has an apparent M, of 30 kDa. It may be 
related to the predicted 17-19 kDa TGFa pre- 
cursor which has been observed in some cell 
lines [80-82], and further modified by glycosyla- 
tion or palmitoylation [80], or it may be the 
product of a novel gene. Estrogen stimulates the 
production of the 30kDa TGF-like growth 
factor some 2-14-fold in the MCF-7 cell line, 
and other estrogen receptor-positive cell lines 
T47D and ZR-75-1, depending on culture 
conditions and cell type [75, 76, 83-85]. 
TGFa-mRNA induced by estradiol treatment 
of MCF-7 cells within 6 h, and antibodies di- 
rected against TGFa or its receptor (the EGF 
receptor) slightly and transiently suppress both 
the anchorage-dependent and -independent 
growth of these cells [79, 86]. A much stronger 
effect of anti-EGF receptor antibodies was ob- 
served with anchorage-dependent and indepen- 
dent proliferation of the estrogen-independent, 
EGF receptor amplified MDA-MB-468 breast 
cancer cell line [87]. It is not yet clear what is the 
range of cell lines affected in vitro by anti-EGF 
receptor directed reagents, or whether these 
observations can be extended to in vivo. It is 
probable that the magnitude of response to the 
EGF receptor-directed antibodies relates to 
many factors, such as TGFa, EGF receptor 
levels, and more subtle aspects of malignant 
transformation. 

No correlation has been reported between 
TGFa expression and ER status in a study of 
breast tumor tissue. Moreover, TGFa-mRNA 
was detected in 70% of breast adenocarcino- 
mas. Treatment of breast cancer patients with 
antiestrogens significantly decreases immuno- 
reactive TGFa[88]. With MCF-7 cells grown 
as tumors in the nude mouse, estrogen with- 
drawal decreased TGFa-mRNA levels[29]. 
TGFa apparently acts through the EGF recep- 
tor, overexpression of which is closely associ- 
ated with poor prognosis breast cancer, 
and with tumor growth rate in experimental 
systems in vivo [89]. Since TGFa has also been 
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implicated the proliferation of normal mam- 
mary epithelial cells in culture [90], and in nor- 
mal murine mammary development[91], the 
effects of TGFa on normal and malignant breast 
may be distinct at the level of response. For 
example, in nude mice treated with estrogen, 
EGF, or breast cancer cell conditioned medium, 
implanted MCF-7 cells formed small tumors, 
whereas no effects were seen on the normal 
mouse breast tissue in situ under these con- 
ditions[92]. TGFa gene transfection exper- 
iments suggests that constitutive expression of 
physiological levels of TGFa is not sufficient to 
support hormone-independent tumorigenesis of 
MCF-7 cells[93]. Indeed, 17fl-estradiol and 
TGFa induce quite distinct profiles of intra- 
cellular peptides in MCF-7 cells, as detected by 
2-D gel electrophoresis[94]. Other induced 
products may act in association with estrogen- 
induced TGFa to constitute autocrine growth 
regulation. These observations suggest that the 
TGFa-EGF receptor system may be relevant to 
a large web of factors modulating breast cancer 
proliferation. 

All human breast cancer cell lines so far 
examined secrete an IGF-related polypeptide, 
and IGF-I and IGF-II are mitogenic for some 
breast cancer cells in culture [95, 96]. Although 
a complex series of IGF-I cross-reacting 
mRNAs can be detected in MCF-7 cells by 
Northern analysis [96], none of these has been 
identifiable as authentic IGF-I using nuclease 
protection analysis [97]. Production of an im- 
munoreactive IGF-related protein by MCF-7 
cells is induced 3-6-fold by treatment with 
estrogen, TGFa, EGF or insulin treatment in 
Phenol red-free culture, and inhibited by treat- 
ment with TGF-fl, glucocorticoids or growth- 
inhibitory antiestrogens in the presence of 
Phenol red in the medium [98]. Recent studies 
have shown that an antibody which blocks the 
IGF-I receptor suppresses the clonal prolifer- 
ation of the estrogen-independent MDA-MB- 
231 cell line in vitro, and its tumor formation in 
vivo [99, 100]. Since IGF-I-related polypeptides 
can mediate autocrine growth of fibroblasts and 
smooth muscle cells [101-103], those produced 
by malignant breast epithelium may also act in 
a paracrine fashion to mediate stromal cell 
chemotaxis and proliferation. IGF-II, another 
somatomedin family member, is also produced 
by the T47D human breast cancer cell line under 
estrogenic regulation, and is mitogenic for this 
line as well as the MCF-7 cell line [104]. IGF- 
II-mRNA is present in equivalent amounts in 

paired samples of normal and malignant breast, 
suggesting that it is also a product of stromal 
elements [104]. Thus, IGF-II may also function 
in the autocrine and paracrine regulation of 
breast cancer. IGF-I acts largely through the 
IGF-I receptor, but also binds weakly to the 
insulin receptor, while IGF-II binds to all three 
related receptors: insulin, IGF-I and IGF-II. All 
three of these receptors have been detected in 
human breast cancer [95, 105], as well as lactat- 
ing bovine breast [106]. Elements with blocking 
anti-IGF-I-receptor antibodies strongly suggest 
that the mitogenic effects of IGF-II in many 
systems are mediated via the IGF-I receptor. 

TGF-fl inhibits proliferation and induces 
differentiation responses in a variety of cell 
types, including normal and malignant breast 
epithelium (see [107] for review). It is present in 
human milk [108], it causes cessation of mam- 
mary duct development when implanted in the 
mouse mammary gland [109], and it causes de- 
creased proliferation and increased differen- 
tiation (milk fat globule antigen) of normal 
mammary epithelial cells in culture [110]. Many 
breast cancer cell lines produce a TGF-[3-related 
activity [75, 107, 111, 112], and both estrogen 
receptor-positive and -negative cell lines contain 
TGF-fl receptors, and are inhibited by both 
TGFfl-1 and the closely related TGF-fl- 
2 [107, 113]. TGF-fl secretion by MCF-7 cells is 
inhibited by mitogenic agents like estrogen and 
insulin, but stimulated by antiproliferative 
agents like antiestrogens and glucocorti- 
coids [112]. The role of TGF-fl in breast cancer 
progression to the estrogen-indendent state is 
unknown. Conditioned media from antiestro- 
gen-treated MCF-7 cells strongly inhibits the 
proliferation of the hormone-independent 
MDA-MB-231 cell line in vitro, and this inhi- 
bition is blocked with anti-TGF-fl anti- 
sera [113]. Since breast cancer is heterogeneous 
for estrogen receptor expression, antiestrogen 
stimulated TGF-fl secretion from hormone- 
responsive elements may modulate the prolifer- 
ation of adjacent, unresponsive elements, thus 
expanding the effective growth regulatory 
potential of the antiestrogens. 

Many breast cancer cell lines also syn- 
thesize PDGF (platelet-derived growth fac- 
tor) [114--116], a potent mitogen for fibroblasts, 
smooth muscle cells, and other stromal 
cells [l l7]. Since breast cancer cell lines, and 
epithelial cells in general, lack PDGF receptor, 
PDGF may play a paracrine role in breast 
cancer development, possibly at the level of 
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desmoplasia. Other studies have demonstrated 
that cultured human breast cancer cells produce 
a 60 kDa, heparin-binding, FGF-like protein 
which may also contribute to paracrine and 
autocrine growth regulation in the tumor en- 
vironment [118, 119]. Furthermore, the 52 kDa 
cathespi~l D-related protease secreted from 
MCF-7 cells under estrogenic control appears to 
have mitogenic activity for these cells, and may 
also participate in an autocrine loop [120], or 
alternatively may contribute to the activation of 
other biologically important, secreted polypep- 
tides. 

Thus, these data clearly suggest a role for 
polypeptide growth factors in the control of 
breast cancer growth, both through autocrine 
and paracrine mechanims. At least in vitro, 
some of these growth factors are estrogen- 
regulated in hormone-responsive cell lines, and 
antiestrogen-inhibited proliferation of the estro- 
gen-dependent T47D cell line in vitro can be 
partially reversed by EGF [121]. Recent reports 
that antiestrogens can inhibit the mitogenic 
effects of insulin, EGF, TGFa and IGF-I in the 
total absence of estrogen suggest a further level 
of interaction between these factors and estro- 
gen receptor-mediated responses [65, 122]. 
While these factors appear to be important for 
the proliferation of estrogen-dependent and 
-independent breast cancer cell lines in vitro, 
their relationship to estrogenic regulation of 
malignant breast epithelium in vivo is less clear. 

TUMOR INVASION OF THE BASEMENT 
MEMBRANE AND METASTASES 

As part of the metastatic process, tumor cells 
must escape the primary lesion, escape immune 
surveillance in the circulation, and penetrate 
and proliferate in normal tissue at distant 
sites [123, 124]. These are not random events but 
require distinct cellular and biochemical activi- 
ties possessed by a limited population of cancer 
cells which arise during malignant pro- 
gression [123]. The interaction of tumor cells 
with basement membranes is a critical step in 
this process, since the cells usually encounter 
and pass at least two basement membranes as 
they disseminate through the body [125]. Several 
critical determinants in basement membrane 
invasion have been identified. Tumor cells first 
attach to the basement membrane glycoprotein 
laminin. This appears to regulate the production 
of a protease cascade resulting in activated 
collagenase IV [126]. This enzyme degrades the 

type IV collagen structural network of the base- 
ment membrane, allowing escape of the tumor 
cell [127]. A recently described "autocrine motil- 
ity factor" (AMF) may contribute to this mi- 
gration [128]. The importance of two of these 
determinants to tumor cell metastasis has 
suggested by a significant reduction in lung 
colonization by metastatic melanoma cells in- 
troduced in the presence of peptides which 
block the attachment of cells to laminin [129] or 
in the presence of inhibitors of collagenase type 
IV [1301. 

We have employed matrigel [131], an extract 
from the transplantable, basement membrane 
producing, Engelbreth Holm Swarm (EHS) 
sarcoma in an in vitro basement membrane 
invasion assay[7, 8, 132-134]. Matrigel is rich 
in basement membrane components, particu- 
larly laminin, collagen type IV and heparan 
sulfate proteoglycan. It is liquid at 4°C but 
forms a homogenous gel when heated to 
37°C[131]. It has powerful effects on cellular 
adhesion, proliferation and differentation, par- 
ticularly with cells of epithelial origin [135-137]. 
This substratum has proved useful in studies 
on tumor cell interactions with basement 
membane [138, 139]. 

HORMONAL REGULATION OF 
BASEMENT MEMBRANE INVASIVENESS 

OF MCF-7 CELLS 

Many aspects of malignancy of hormone- 
dependent breast cancer are regulated by 17fl- 
estradiol. This hormone stimulates MCF-7 cell 
invasiveness as well as the interaction between 
these cells and laminin, as measured by attach- 
ment to and migration toward laminin, and 
growth in the presence of basement membrane 
matrigel [7]. This response was associated with 
increased expression of laminin receptor 
binding activity on the cell surface [7]. Further 
analysis has shown that the effects of estradiol 
have a rapid onset (less than 9 h) and rapidly 
reversible if estradioi is withdrawn [8]. Further- 
more, 17fl-estradiol causes increased secretion 
of active collagenase-IV in the assay chamber, 
as measured by a solid phase collagen radio- 
degradation assay [8]. Thus, estradiol has the 
potential to coordinately up-regulate a number 
of parameters which constitute key events in 
basement membrane invasiveness, and may thus 
also contribute to the metastatic dissemination 
as well as proliferation of hormone-dependent 
breast cancer. 
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Divergent results have been reported compar- 
ing the effects of different antiestrogens on 
MCF-7 cell invasion [8, 53], apparently due to 
differential estrogen agonism. At growth inhibi- 
tory doses, tamoxifen and OHT markedly 
stimulated MCF-7 cell invasiveness, whereas the 
benzothiophene antiestrogens (LY 117018, LY 
156758) had no effect. Coordinate effects have 
been reported on collagenase type IV pro- 
duction in the assay chamber. ICI 164,384 lacks 
agonistic activity in this assay, and both LY 
117018 and ICI 164,384 are capable of compet- 
ing for the stimulatory effects of either 17fl- 
estradiol or OHT[53]. These assays were 
performed in serum-free medium containing 
0.1% bovine serum albumin, and the effects 
were independent of the previous culture history 
of the cells (i.e. complete or estrogen-depleted 
serum) or the presence or absence of weakly 
estrogenic Phenol red in the medium. 

It also appears that polypeptide growth 
factors regulate basement membrane invasive- 
ness in breast cancer cell lines, as measured in 
the in vitro chemoinvasion assay[140, 141]. 
MCF-7 cell invasion was stimulated by TGF-fl, 
and to a lesser degree by EGF. The more 
aggressive, ER- MDA-MB-231 and Hs578T cell 
lines were inhibited by TGF-/L As seen for 
antiestrogen regulation, invasiveness responses 
to growth factors appear to occur independently 
of proliferative responses, since both ER+ and 
E R -  cell types are growth inhibited by TGF- 
fl [1 13]. 

EXPERIMENTAL MODELS OF 
PROGRESSION OF BREAST CANCER 

TO ESTROGEN INDEPENDENCE 

The process of malignant progression of 
breast cancer is poorly understood. Although 
70% of primary human breast cancers, and 
about 50% of metastases contain a significant 
amount of estrogen receptor, only about 
two thirds of the estrogen receptor-containing 
tumors respond to some form of antiestrogen 
therapy [39--41]. Furthermore, most hormone- 
responsive tumors eventually become hormone- 
unresponsive following treatment with 
antiestrogens, other endocrine therapy, or 
chemotherapy. Absence or loss of estrogen re- 
sponsiveness is often, but not always, associated 
with loss of the estrogen receptor, which is 
generally associated with the appearance of 
more malignant or more rapidly growing 
tumors. Loss of the estrogen receptor is often 

associated with loss of the receptor for 
IGF-I[142, 153] and acquisition of elevated 
levels of the EGF receptor [144]. Poor prognos- 
tic indicators which are independent of the 
estrogen receptor include tumor nuclear 
grade [145] erbB2/neu amplification [145] poss- 
ibly TGFa[147] and a putative repressor of 
metastases, Nm231148]. We have shown that 
estrogen receptor-negative human breast 
cancer cell lines are significantly more invasive 
than their estrogen-dependent counterparts, 
suggesting that metastatic dissemination may 
contribute to the poor prognosis associated with 
this group [149]. We have attempted to model 
this progression by selecting the MCF-7 cell line 
for antiestrogen resistance in vitro (Y-2 sub- 
line[150]) and estrogen-independence in vitro 
(M III subline [151, 152]). These cell lines express 
functional estrogen receptor, and may thus 
model some of the subsets of human breast 
cancer that escape estrogen dependence and/or 
do not respond to hormonal therapy. In 
addition, MCF-7 cells selected for permanent 
chemotherapy resistance coordinately lose ex- 
pression of the estrogen receptor and acquired 
increased expression of EGF receptor [153]. One 
very interesting in vivo model also exists for 
tamoxifen resistance[154]. MCF-7 cells were 
treated to relapse in the nude mouse tumor 
model [35]. The resistant line was able to recog- 
nize the slight estrogenicity of tamoxifen to 
stimulate its growth. The pure antiestrogen ICI- 
164,384 inhibited this growth [154]. 

The LY-2 subline, selected by stepwise in- 
creased antiestrogen for survival and prolifer- 
ation in medium containing the LY 117018, has 
a basal growth rate similar to estrogen-stimu- 
lated MCF-7 cells, and responds only mar- 
ginally to added estrogen. This narrow window 
of estrogen stimulation can be blocked by ICI 
164,384, and to a lesser degree by OHT or LY 
117018, but these antiestrogens do not reduce 
the proliferation rate below the relatively high 
baseline [53, 155]. Thus, while these cells express 
functional estrogen receptor, they have sur- 
passed their dependence on estrogen for pro- 
liferation, and are not growth-inhibited by 
antiestrogens. This cell line has also lost ex- 
pression of the progesterone receptor, but not 
PS2 or 52K proteins; they are regulated nor- 
mally by estrogen. In contast to these consider- 
ations for proliferation, this subline resembles 
the parent in terms of invasiveness, indicating 
that these malignancy-related parameters are 
independently regulated. Basal invasiveness of 
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th6 LY-2 subline is similar to that seen for the 
MCF-7 parent in the absence of estrogen, and 
is similarly stimulated by estrogen and 
OHT [53]. In contrast to the parent, however, 
LY-2 cell invasiveness is stimulated by the less 
agonistic antiestrogen, LY 117018. These cells 
also exhibit an increased sensitivity to antiestro- 
gen stimulation of the estrogen-regulated 52K 
cathespin D-related protease [32], which may be 
involved in the invasiveness measured in our 
assay. Conceivably, as with in vivo resistance 
models[35, 154], some aspects of antiestrogen 
resistance may involve increased recognition of  
weak agonistic effects of antiestrogens in com- 
mon clinical use. Two other models ofantiestro- 
gen resistance also exist. A random subclone of 
T47D (T47D-5) has reduced progesterone re- 
ceptor and resistance to antiestrogens and 
progestins with slightly elevated estrogen 
receptor content [155]. A ZR-75-1 variant has 
been selected against stepwise increased tamox- 
ifen (ZR-75-9al) for 6 months also had an 
antiestrogen-resistant, progesterone receptor 
negative phenotype; further selection for 6 more 
months led to unstable loss of  the estrogen 
receptor as well [156]. 

The MCF-7 MIII subline was derived from 
an MCF-7 cell tumor which spontaneously 
formed in an ovariectomized nude mice. It was 
further selected in vitro through maintenance in 
estrogen-depleted, Phenol red-free culture 
medium[151]. It proliferates at an increased 
basal rate similar to that seen for the LY-2 
subline, and although not stimulated by estro- 
gen, the Mi l l  subline is growth inhibited with 
antiestrogen treatment. The difference in anti- 
estrogen-responsiveness between the LY-2 and 
M-Il l  cell lines, both of which appear estrogen 
independent, suggests that estrogen-indepen- 
dence and antiestrogen-resistance can develop 
independently. The antiestrogen-responsiveness 
of  the M-Il l  cell line in terms of proliferation is 
consistent with the effects seen on invasiveness, 
since the M-Il l  subline shows increased consti- 
tutive invasiveness[151] which is stimulated 
only slightly by 17fl-estradiol, but markedly 
stimulated by OHT[152]. Thus, the invasive 
response to OHT displayed by the parent MCF- 
7 cells is retained by the M-Ill  subline, while the 
dependence on and response to estrogen is 
surpassed. The fact that proliferation of these 
cells is inhibited by OHT, while their invasive- 
ness is stimulated, further suggests that these 
malignancy-associated parameters are indepen- 
dently regulated. 

FUTURE PROSPECTS 

The regulation both of  proliferation and inva- 
siveness is clearly important to the emergence 
and maintenance of the malignant phenotype in 
human breast cancer. As summarized above, we 
and others have shown that polypeptide growth 
factors are constitutively secreted by hormone- 
independent breast cancer, and are estrogen- 
regulated in hormone-responsive models. 
Basement-membrane invasiveness, which relates 
to the metastatic potential of these cells, is also 
estrogen-stimulated in responsive models. It is 
constitutively increased in hormone-indepen- 
dent models, and growth-factor sensitive. While 
one may speculate that progression to hormone- 
independence occurs through constitutive pro- 
duction of, or altered responsiveness to these 
and other estrogen-regulated mediators, this 
awaits future experimentation. Further analysis 
of the hormonal regulation of growth factor 
production and response, and regulation of 
the invasive phenotype, possibly with the pro- 
gression models described herein, may serve 
to clarify this issue. Whatever the outcome, 
however, polypeptide growth factors and their 
receptors may suggest new modalities of  anti- 
hormonal therapy of  breast cancer. Further- 
more understanding of  the differential effects of 
hormones and growth factors on breast cancer 
cell invasiveness, in addition to proliferation, 
should also suggest new modalities for therapy. 
These modalities could be successfully tested 
in the near future with the development of 
more antagonist antiestrogenic and antipro- 
gestational agents. 
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