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Snmmary--Oestrogens and progestins are important for both the genesis of human breast 
cancer and growth of those tumours once formed. Their role at different stages of the 
neoplastic process are reviewed and discussed within the context of a change in sensitivity of 
epithelial cells during either initiation or promotion stages. Evidence favours, but does not 
conclusively prove, the view that progestins are the predominant mitogen for normal breast 
epithelium whilst oestrogen assumes that function in neoplastic epithelium. Alterations in 
oestrogen receptor levels could provide the key for such a change. There are insufficient data 
on physiological progestin concentrations to judge their effect on established cancer. Models 
for steroidal effects on cell proliferation and oestrogen and progestin receptor regulation that 
are based on endometrial data are not appropriate for breast. 

INTRODUCTION 

Professor James' contributions to endocrin- 
ology have been numerous and many are recog- 
nized in other papers in this issue. In this article, 
I wish to combine two different features of  his 
scientific fife, his interest in breast cancer and his 
commendable caution. The role of steroids and 
their receptors in cancer development will be 
used to illustrate the need for caution in making 
simple generalizations about endocrine-sensitive 
cancers. 

The concept that oestrogens are the major 
adverse factor in human breast cancer has dom- 
inated thinking in this area [1, 2]. This opinion 
is based on three main lines of  evidence: (a) 
the ability of oestrogens to generate mammary 
tumours in rodents [3, 4]; (b) epidcmiologically- 
derived risk factors such as the protective 
effect of ovariectomy and increased risk of 
breast cancer in young women given dicthylstil- 
boestrol to prevent abortion [1, 2]; and (c) the 
mitogenic effects of oestrogens on established 
breast cancer cell lines [5, 6] and efficacy of 
antioestrogens in treating established breast 
cancer [7]. 

Conversely, the other ovarian steroid pro- 
gesterone and its synthetic derivatives 
(progestins) are thought to be protective, a 
view largely based on their antioestrogenic 
and therefore antiprotiferative effects on endo- 

Proceedings o f  the Symposium on Recent Advances in Steroid 
Endocrinology, held in honour of Professor V. H. T. 
James, London, England, 1 November 1990. 

metrium [8]. Supportive evidence for beneficial 
effects of progestins comes from their clinical 
use in advanced breast cancer[9] and their 
ability to decrease tumour yield under certain 
conditions in rodents [3, 4]. 

The "oestrogens bad, progestins good" model 
adequately explains the endometrial cancer data 
but should be questioned when applied to both 
the genesis and behaviour of human breast 
cancer [10, 11]. 

A central feature of general carcinogenesis 
is that it is a multistage process with cell 
sensitivities changing during progression from 
normal ~ hyperplastic-,hormone-sensitive can- 
cer~hormone-insensitive state (Fig. 1). Histo- 
logically, this continuum of change in response 
to environment is seen in an increased epi- 
thelium:stroma ratio and breakdown of epi- 
thelial cell-epithelial cell regulation, resulting in 
carcinoma in s i tu  in which cell clumps are still 
confined within a basement membrane. Sub- 
sequent changes enable the cancer cells to over- 
come the limiting influence of the basement 
membrane and metastasis ensues. Well-differen- 
tiated metastatic breast cancers retain some of 
the regulatory influences of  the environment in 
which they are growing but additional changes 
lead to complete autonomy. With all these 
regulatory changes occurring, it would be sur- 
prising if hormone sensitivity remained con- 
stant. Indeed, we know that changes do occur in 
the terminal stages of progression to autonomy 
but tittle attention has been given to the possi- 
bility of earlier changes. Evidence for such 
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changes does exist and it is these data that lead 
me to question the oestrogen bad, progestin 
good model for human breast cancer. 

As depicted in Fig. 1, neoplastic development 
is a multifactorial process but one feature, pro- 
liferation, is common throughout. The effects 
on this function are relevant at any stage, 
regardless of whether it increases: (a) the num- 
ber of normal cells as potential targets for 
initiating agents; (b) the proliferation of in- 
itiated but preneoplastic cells; or (c) the growth 
of established cancer cells. Indeed, models of 
hormonal involvement in breast[12, 13] and 
endometrial[14] cancer have been published 
that are based on the proliferative effects of 
steroids. However, proliferation alone does not 
generate a cancer, abnormal regulation of that 
growth and the ability to invade other tissues 
are also crucial. Steroids are said to be pro- 
motional agents [12, 15], which is correct as long 
as that definition includes enlargement of the 
pool of target cells for the initiating agent(s). 
There is little evidence to indicate that any 
common steroidal agent can act as an initiating 
agent although the non-steroidal oestrogen, 
diethylstilboestrol may be exceptional [16]. 

Given the importance of cell proliferation, it 
is not surprising that this feature has received 
much attention. 

STEROID EFFECTS ON THE PROLIFERATION OF 
HUMAN BREAST EPITHELIA 

Normal epithelium 

Breast cancers are thought to arise in the 
epithelial cells of the terminal ductal lobular 
unit (TDLU) and therefore the behaviour of 
these ceils is important [17]. Histologically nor- 
mal breast adjacent to fibroadenomas can be 
used to assess its proliferative activity at the 
time of surgery. Our data so obtained [18, 19] 

indicate optimal proliferation during the luteal 
(progestagenic) phase of the menstrual cycle 
(Fig. 2); similar work by other groups agree 
with this observation[20--22]. Furthermore, 
both combination oestrogen+progestin and 
progestin-only oral contraceptives increase epi- 
thelial proliferation in vivo over that seen in the 
natural cycle [19]. Interestingly, the activity of a 
proven progestin-inducible enzyme, fatty acyl 
synthetase, increases in proportion to prolifera- 
tive activity in human breast epithelia [23]-- 
again hinting at a progestin influence on 
proliferation. These indications of progestin- 
related proliferation are reinforced when 
normal breast is compared with normal 
endometrium analysed by the same method 
(Fig. 3). Endometrial epithelium shows the ex- 
pected, oestradiol-induced proliferation which 
is antagonized by progesterone in the luteal 
phase [24]. This clear-cut difference between 
normal breast and endometrial epithelia indi- 
cates important differences in response path- 
ways and is most easily explained for breast by 
a progestin-related mitogenic effect as is known 
to exist in rodents [25]. Such an explanation 
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Fig. 2. [3H]Thymidine labelling index (TLI) of normal 
lobular mammary epithelium from young, premeno- 
pausal women. Data are presented as mean + SEM (No. 

observations) and are taken from Ref. [19l. 
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Fig. 3. Comparison of [3H]thymidine labelling index (TLI) 
of normal endometrial [left hand panel] and breast [right 
hand panel] epithelia at different stages of the menstrual 
cycle. The endometrial data are taken from Ref. [24] and the 

breast from Ref. [19]. 

does not rule out a contributory influence of 
oestrogen in the breast; oestrogens are known 
to sensitize target cells to progestin effects 
[261. 

All data discussed thus far were obtained 
directly with histologically normal breast TD- 
LUs adjacent to benign fibroadenoma from 
clinically characterized young women. If such 
tissue is excised and grown in hormonally 
treated, immunodeficient mice a different pic- 
ture emerges; oestrogen stimulates growth of the 
TDLU and progestins have no effect [27]. Epi- 
thelial cells cultured from normal human breast 
are also stimulated by oestrogen and not 
progestin [28] although the exact cell type was 
not characterized. 

Developmental changes in the mammary 
gland provide additional clues about the roles of 
oestrogen and progestin. In girls, differential 
development of the cellular components occurs 
at about the time of menarche. Ductal growth 
is stimulated by oestrogen, whereas additional 
progestin is required for lobular develop- 
merit[17, 29]. A similar pattern occurs in ro- 
dents [17, 25]. Full proliferative development of 
the terminal regions of the mammary tree re- 
quires the endocrine environment of pregnancy 
which includes both oestrogen and progestin. 
Oestrogens without progestin will induce breast 
development in girls with Turner's Syn- 
drome [30, 31] but it is not clear if this includes 
TDLU formation as no histological data on 
such breasts are available. 

A requirement for both oestrogen and 
progestin (ovular as opposed to anovular cycles) 
has also been advanced to explain the adverse 
influence of early menarche on breast cancer 
development [32]. 

Although the conflicting data obtained by 
different techniques do not allow a firm con- 
clusion as to whether progestins, either alone or 
in combination with oestrogen, are breast epi- 
thelial mitogens, there is certainly no evidence 
that progestins counteract the mitogenic effects 
of oestrogens. 

Neoplastic epithelium 

Oestrogens clearly stimulate the proliferation 
of established breast cancer cells, as determined 
both by clinical[7] and laboratory studies 
[33, 34]. An example of the large proliferative 
response elicited by oestradiol on human breast 
cancer cell lines is shown in Fig. 4. According to 
which cell line is analysed, either complete [ZR- 
75 or MCF-7 (McGrath)] or partial [T-47-D or 
MCF-7 (KO)] dependence on oestradiol can be 
demonstrated. 

This big proliferative effect of oestrogens on 
established breast cancer contrasts with that 
seen in vivo with normal epithelial cells (see 
above) and indicates either an increased or 
changed cell sensitivity to oestrogen. 

Data on progestin effects on neoplastic 
human breast epithelium are both sparse and 
confusing. Clinically, high doses of progestins 
induce regression of some breast cancers [7, 9] 
but interpretation of such data in the context of 
physiological concentrations is difficult. It is 
well-established that high doses of oestrogen 
can induce regressions [7] despite their mito- 
genie effect at lower concentrations; such a 
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Fig. 4. Proliferation of four human breast cancer cell lines 
in the presence ( + ) and absence ( - ) of 10 -8 M oestradiol. 

Data taken from Ref. [34]. 
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biphasic effect might also occur with progestins. 
With human breast cancer cell lines, progestins 
do inhibit proliferation but the effect is small 
and dependent on culture conditions. The pH 
indicator, phenol red, normally added to culture 
media, is oestrogenic for human breast cancer 
lines [35] and, in this environment progestins are 
weakly growth inhibitory[36, 37]. In the ab- 
sence of phenol red progestins induce a prolifer- 
ative response although again, the effect is 
small [38, 39]. This is illustrated in Fig. 5 with 
the T47D cell line. Note the small proliferative 
response to progestins as compared with the 
large oestrogenic effect with the same cells (Fig. 
4). There are two conflicting reports on the 
actions of the antiprogestin, RU486 in cell 
culture [36, 38]. 

The safest general comment that one can 
make about progestin effects on established 
breast cancer is that more data are required; no 
conclusions are possible as to whether physio- 
logical levels of progestins are good or bad for 
breast cancer growth. 

STEROID RECEPTOR REGULATION IN HUMAN 
BREAST EPITHELIUM 

As most steroid effects are mediated by 
specific intracellular receptors, analysis of these 
proteins might provide clues about oestrogen 
and progestin actions. Also, as we have specu- 
lated about a change of steroid sensitivity 
during carcinogenesis (see above) receptors 
could be involved. When oestradiol receptors 
(ER) were first being quantitated they were 
difficult to detect in normal human breast, 
whilst breast tumours often had very high ER 
levels. The problem with normal breast was a 
methodological one, due in part to low cellular- 
ity but also to low levels of ER. For example, 
ER positive breast tumours frequently contain 
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Fig. 5. Influence of different concentrations of a synthetic 
progestin, R5020 on the proliferation of T-47-D human 
breast cancer cell line in the absence ( - E )  and presence 
(+E) of 10-SM oestradiol. Cells were grown in the 
absence of phenol red. Data from P. Darbre (personal 

communication). 

more than 100 fmol ER/mg protein, whereas 
peak levels in normal breast are about one-tenth 
of that value [40]. Thus, ER is present in normal 
epithelium, albeit at low concentrations. 
Although inadequately analysed at the present 
time, an upregulation of ER content seems 
probable--which could be the driving force for 
changed sensitivity as it is now clear that recep- 
tor numbers can influence magnitude of re- 
sponse[41,42]. A clue as to the stage of 
progression at which changes in ER might occur 
comes from the observation that, after correc- 
tion for cellularity, invasive tumours have ap- 
preciably higher levels of ER than intraduct 
counterparts [43]. Whether this reflects changes 
in the ER gene itself or to altered regulatory 
influences due to the different cellular environ- 
ment remains to be established. Another indi- 
cation that important changes in oestrogen 
sensitivity occur at about this stage of pro- 
gression comes from the histochemical analysis 
of an ER-related protein, p29 which is clearly 
associated with oestrogen action, albeit is an 
unknown way [44]. This protein is low in normal 
breast, is high in hormone-sensitive, invasive 
tumours and exhibits an intermediate, hetero- 
geneous staining pattern in carcinoma--in 
situ [44, 45]. 

As well as differences in amounts of receptor 
between normal and cancer cells, their hor- 
monal regulation could be important. We have 
used an histochemical approach with normal 
premenopausal breast[46] that indicates ER 
regulation to be analogous to that in en- 
dometrium, whereas progesterone receptor (PR) 
may differ (Fig. 6). The percentage of ER 
positive samples is decreased both in the luteal 
(progestagenic) phase of the cycle and by use of 
oral contraceptive pills (mainly combined 
oestrogen + progestin types). Interestingly, PR 
exhibits a high positivity rate throughout the 
cycle and is little affected by the pill. These data 
contrast with the endometrial picture, in which 
staining decreases under the influence of pro- 
gesterone [48, 49], and thereby provide another 
example of different regulatory patterns in 
breast and endometrium. However, a major 
defect in these histochemical studies is the lack 
of quantitation which will be essential before 
full interpretation can be achieved. This might 
explain some of the conflicting data in the 
literature with some reports indicating more 
ER [40, 50] and PR [40] in normal breast epi- 
thelium during the first half of the menstrual 
cycle, whilst others suggest little change[51]. 
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Fig. 6. Immunohistochemical analysis of ER (left hand panel) and PR (fight hand panel) in normal human 
breast epithelium from young women who were either taking oral contraceptives (Pill) or no steroids 
(Natural) at the time of biopsy. EP, LP, ES & LS refer to early and late proliferative and early and late 
secretary phases of the menstrual cycle, respectively. % Positive refers to the number of samples in the 

stated group showing positive staining. Data are taken from Ref. [46]. 

In the light of the preceding discussions on 
changed hormone sensitivity of proliferation, it 
would be interesting to know if receptor regu- 
lation differed between normal and cancer but 
the data are too fragmentary to allow con- 
clusions. Some [52-54] but not all [50, 51, 55, 56] 
publications report higher cancer ER during the 
first half of the menstrual cycle than in the 
second half. Most authors [54-56] found little 
change in cancer PR throughout the cycle. 

TUMOUR PROGRESSION 

Steroid sensitivity is known to change after 
establishment of breast cancer and it is this 
progression to hormone insensitivity that gener- 
ates major clinical problems. The heterogeneous 
nature of this progression has been continually 
emphasized[57,58] but good experimental 
models have been sparse. Animal models have 
been informative but their complexity limits 
their utilization, particularly for molecular 
studies. The essential requirement for a model 
system with which t o  study progression is a 
known precursor-product relationship. Breast 
culture methods have now been described which 
fulfil that requirement and indicate three very 
different routes to the same objective namely 
autonomous growth. Amplification of the 
multidrug-resistance gene in MCF-7 cells by 
exposure to increasing concentrations of adria- 
mycin leads to loss of both ER and oestrogen- 
sensitive growth, whereas EGF receptor num- 
bers are increased [59]. A second experimental 
method follows the spontaneous development 
of oestrogen-resistant T47D cells accompanied 
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by changes in ploidy and ER gene structure 
[60, 61]. We, and others have utilized a third 
approach based on long-term steroid deprivation 
of cloned cultures [34, 57, 62]. Unresponsive 
mammary cultures generated by this technique 
have two important common features. Firstly, 
the cells that are steroid insensitive for prolifer- 
ation have functional receptors and, secondly, 
basal proliferation in the absence of steroid 
increases. These changes have been fully dis- 
cussed elsewhere [5, 34, 57] but our general con- 
clusion is that this type of insensitivity results 
from upregulation of steroid-independent path- 
ways of growth and that steroid receptors loss 
is a consequence and not cause of that change. 

CHANGES IN STEROID SENSITIVITY OF HUMAN 
BREAST EPITHELIUM DURING CARCINOGENESIS 

AND PROGRESSION: A WORKING MODEL 

The events represented in Fig. 7 could explain 
the data outlined in this article. In normal 
breast epithelium, progestins are mitogenic 
although we cannot exclude the possibility of an 
additional small contribution from oestrogen. 
Although PR levels have a large constitutive 
component in breast epithelium, the existing 
data do not preclude an additional oestrogen 
effect on proliferation via induction of PR. 
Increased levels of ER in neoplastic epithelium 
sensitize those cells to oestrogen which becomes 
the major steroidal mitogen. The data are too 
incomplete to decide whether or not progestin 
sensitivity changes. Progression from steroid 
sensitive to insensitive state involves increased 
activity of steroid independent pathways of 
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Fig. 7. Model of steroid sensitivity changes during human mammary carcinogenesis and progression, er, 
ER--low and high levels, respectively of oestradiol receptor; PR--progesterone receptor; DNA--DNA 

synthesis; solid arrows--established effects; dashed arrows--possible effects. 

proliferation without changes in ER, although 
subsequent loss of this entity could occur. 

CONCLUSION 

This article has highlighted aspects of 
progestin effects on human breast epithelium 
that question the common assumption that this 
class of female sex hormones has beneficial 
effects on neoplasia. The data are still too sparse 
to warrant firm conclusions but, given the im- 
portance of this class of compounds, additional 
information is urgently required. I have also 
suggested that during the complex process of 
carcinogenesis, alterations in steroid sensitivity 
accompany the other changes in regulation of 
cell behaviour that occur. In the context of the 
"oestrogen bad, progestin good" model that is 
appropriate for cndometrial cancer, a more 
correct statement for breast might be that 
carcinogenesis results in the transition from 
"progestin bad, oestrogen?" to "oestrogen bad, 
progestin?" 
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