
Pergamon 
Biochemical Pharmncology, Vol. 49, No. 11, pp. 1545-1549, 1995. 

Copyright @ 1995 Elsevier Science Ltd 
Printed in Great Britain. All rights reserved 

OOOC-2952/95 $9.50 + 0.00 

0006-2952(94)00528-l 

COMMENTARY 

USE OF PURE ANTIOESTROGENS TO ELUCIDATE THE MODE 
OF ACTION OF OESTROGENS 

ALAN E. WAKELING* 
Cancer Research Department, Zeneca Pharmaceuticals, Alderley Park, Macclesfield, Cheshire 

SK10 4TG, U.K. 

Key words: pure antioestrogen(s); oestrogen(s); oestradiol; pharmacology; uterus; bone 

With the advent of molecular biological techniques 
enabling the detailed description of the primary 
structure of the ERt and subsequent analysis of its 
effector domains, it is easy to imagine that a 
combination of this information with the extensive 
literature on the physiology and biochemistry of 
oestrogen action would provide a more or less 
complete account of the mode of action of oestrogens. 
This article will provide a challenge to that view with 
particular emphasis on recent in vivo work with a 
novel class of oestrogen antagonists, the so-called 
pure antioestrogens, and will briefly review how 
these new agents are aiding studies of the molecular 
mode of action of oestrogens. 

There are important practical consequences to 
further investigations of oestrogen action related to 
the role of these hormones in disease processes, in 
particular their role in the incidence and progression 
of breast cancer. Directly related to the latter is the 
current controversy surrounding the long-term use 
of antioestrogens, like tamoxifen, to prevent breast 
cancer [l, 21. Tamoxifen is representative of the 
most-studied class of antioestrogens; typically, such 
agents are non-steroidal in structure and manifest 
complex pharmacology encompassing variable 
tissue-, cell- and gene-specific effects from oestrogen- 
like agonist actions to complete blockade of 
oestrogen action characteristic of pure antagonism 
[3,4]. The balance of agonist and antagonist activities 
in tamoxifen may be beneficial in clinical use since 
antagonist activity is dominant for tumour regres- 
sion, whereas agonist activity appears important for 
effects on bone and lipid metabolism [.5,6]. How- 
ever, agonist activity expressed in other tissues may 
be less desirable, for example in the stimulation by 
tamoxifen of the endometrium. Variations in tissue 
sensitivity to tamoxifen should not be too surprising 
since it is well established that similar differences of 
end organ sensitivity to oestrogen also occur [7,8]. 

Antioestrogens with partial agonist activity were, 
until recently, the only pharmacological tools 
available with which to investigate the mode of 
action of oestrogens. Clearly, the utility of such 
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tAbbreviations: ER, oestrogen receptor; IGF-I, insulin- 
like growth factor-I; EGF, epidermal growth factor; and 
IGFBPs, IGF binding proteins. 

mixed agonist/antagonists is limited, since one is 
unable to probe the consequences of complete 
inhibition of oestrogen action. Similarly, in physio- 
logical studies, ablation or surgical removal of the 
ovaries does not achieve total oestrogen ablation 
since oestrogens may still be synthesized from 
androgen precursors of adrenal origin. The advent 
of molecules that bind ER with a high affinity 
without activating receptor signalling provided for 
the first time the opportunity to study in an 
unequivocal manner the consequences of a full 
blockade of oestrogen action. These agents, typified 
byICI164384andICI182780, arepureantioestrogens 
since they block oestrogen action in vitro and in 
vivo in a concentration (dose)-dependent and 
complete manner, whereas in the absence of 
endogenous oestrogens the agents alone produce no 
oestrogen-like effects [9, lo]. 

Pharmacological characteristics of antioestrogens 

In this section we shall consider studies of the in 
vivo actions of antioestrogens and the insights 
provided to the mode of action of oestrogens. The 
broad range of oestrogen physiology will be 
illustrated by considering effects on the uterus, on 
bone, and on the brain. 

Uterus. The simplest demonstration of the 
difference between pure and partial agonist anti- 
oestrogens takes advantage of a classical test for 
oestrogenic activity, that is the measurement of 
uterotrophic activity. Harper and Walpole [ll] first 
demonstrated that tamoxifen increases uterine 
weight in immature female rats in a dose-dependent 
manner without attaining the same maximum effect 
as oestradiol, thus defining tamoxifen as a partial 
agonist. Administration of tamoxifen together with 
oestradiol provided a partial but incomplete 
antagonism of the uterotrophic action of oestradiol 
[ 111. Other non-steroidal antioestrogens with dif- 
fering intrinsic uterotrophic activity differ in the 
maximum degree to which they inhibit the trophic 
action of oestradiol, reflecting the net balance 
between inhibitory and stimulatory activities [3]. ICI 
164384 and ICI 182780 do not stimulate the immature 
uterus, and they fully block the uterotrophic action 
of oestradiol. Co-administration of tamoxifen and 
either of the pure antagonists demonstrated 
dose-dependent and complete inhibition of the 
uterotrophic action of tamoxifen [9, lo]. As well as 
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providing a graphic demonstration of the difference 
between partial and pure antioestrogens, the 
latter experiment provides a compelling case that 
oestradiol, tamoxifen and the novel agents all act 
through the ER. Similar conclusions may be drawn 
from comparative studies of the effects of oestradiol 
and antioestrogens on the growth of mammary 
ducts in rats. Tamoxifen and the benzothiophene 
antioestrogens LY 117018 and LY 139481 promoted 
full ductal development equivalent to that supported 
by oestradiol, whereas ICI 164384 alone had no 
effect and completely antagonized the effect of 
tamoxifen [12]. Thus, at the organ level in rats, 
tamoxifen is a partial agonist for uterine growth and 
a full agonist for mammary duct growth, whereas 
ICI 164384 is a full antagonist in both tissues. 

Since the consequences of tamoxifen stimulation 
of the endometrium are of intense current interest, 
it is worth examining in more detail. More intensive 
investigations of tamoxifen effects on the rat uterus 
revealed differential actions on epithelial and stromal 
components of the organ. The increased wet weight 
in tamoxifen-treated animals is largely due to 
hypertrophy of the luminal epithelium with little 
change in the stroma and myometrium [4]. The 
hypertrophic effect of tamoxifen on the epithelium 
was similar to that of oestradiol. This hypertrophic 
effect was not associated with any change in 
thymidine incorporation or cell division typical of 
uterine response to oestradiol stimulation [4]. These 
studies demonstrate that both qualitative and 
quantitative cell-specific actions underlie differential 
tissue responses to tamoxifen and account for its 
partial agonist action on the uterus. The molecular 
mechanisms underlying these cell-specific actions 
remain to be described. 

Bone. The importance of oestrogens in bone 
metabolism is illustrated by osteoporosis, a major 
cause of morbidity and mortality in postmenopausal 
women precipitated by the loss of oestrogen following 
cessation of ovarian function. Osteoporosis can be 
prevented by oestrogen replacement therapy. The 
process of bone loss and its prevention with oestradiol 
can be modelled in ovariectomized rats 1131. Data 
in the literature show that tamoxifen can act on bone 
as antagonist and partial agonist, rather like its 
effects on the uterus [14,15] and is, therefore, of 
limited utility in studying the mechanism of ER- 
mediated oestrogen action on bone. However, the 
oestrogenic effect of tamoxifen on bone in 
postmenopausal breast cancer patients is considered 
a particularly valuable adjunct to its antitumour 
action [5,6]. 

Initial observations with ICI 182780, that long- 
term treatment of normal adult female rats did not 
affect bone density whereas the uterus underwent 
an ovariectomy-like regression, were counterintuitive 
[16]. The reasons for this apparent difference 
between the bone and uterus response to ICI 182780 
are unclear but may reflect a differential threshold 
of sensitivity to oestrogen of the two tissues. 
More recent histiomorphometric studies have 
demonstrated an ovariectomy-like action of ICI 
182780 on tibia1 cancellous bone volume in intact 
rats, consistent with its expected antioestrogenic 
action [ 171. The discrepancy between the two studies 

may reflect the fact that cancellous bone volume 
represents a small (-20%) proportion of total bone. 
Unlike ovariectomy or oestrogen treatment, ICI 
182780 had no effect on longitudinal or periosteal 
tibia1 growth. As well as preventing bone loss by 
blocking resorption, oestrogen stimulates bone 
formation in ovariectomized rats, an effect that was 
also prevented by ICI 182780 [ 171. Thus, the effects 
of ICI 182780 on bone appear to be confined to the 
cancellous bone fraction and are consistent with 
blockade of ER-mediated bone resorption and 
formation. 

Recent studies with ZM 189154, a non-steroidal 
pure antioestrogen, further illustrated the differential 
sensitivity of bone mineral metabolism to oestrogens 
compared with other tissues in the intact rat [18]. 
Daily doses of 0.6 mg/kg blocked ovulation, 2 mg/ 
kg achieved maximum uterine atrophy without 
affecting bone density or growth rate, and 10 mg/kg 
reduced bone density but to a lesser extent than 
ovariectomy. Differential tissue actions have been 
reported for the non-steroidal antioestrogen raloxi- 
fene, which has little stimulatory action on the uterus 
[19] but prevents bone loss in ovariectomized rats 
[20]. Raloxifene demonstrates a bone-selective 
agonist effect and may, therefore, have advantages 
over conventional oestrogens in postmenopausal 
hormone replacement therapy. 

Brain. The most important role of oestrogens in 
brain is feedback control of the menstrual cycle 
mediated by the control of gonadotropin secretion 
by ER in the hypothalamic-preoptic area of the brain 
and pituitary. In rats, oestrogens also profoundly 
influence food intake, body weight and body fat 
stores as well as controlling oestrous behaviour, 
effects that have both a central and peripheral 
component. Studies with non-steroidal anti- 
oestrogens have shown the anticipated mix of 
antagonist and agonist actions. For example, 
tamoxifen mimics the effects of oestradiol in reducing 
food intake, body weight and luteinizing hormone 
secretion of ovariectomized rats but can block 
oestrogen-induced oestrous behaviour and ovulation 
[9,21]. Comparative studies of the effects of 
tamoxifen and ICI 164384 in intact rats showed that 
in contrast to the potent oestrogen-like actions 
of tamoxifen on body weight and serum LH 
concentration (both decreased), ICI 164384 at 
effective antiuterotropic doses did not appear to 
affect either parameter [9]. Similar observations 
were reported with ICI 182780 and ZM 189154 
[lo, 181. One interpretation of these data is that the 
pure antioestrogens failed to penetrate the blood- 
brain barrier and, therefore, did not block centrally 
mediated actions of oestrogen on food intake 
and gonadotropin secretion. Confirmation of the 
peripherally selective action of ICI 182780 emerged 
from studies of the tissue uptake of oestradiol in rats 
pretreated with either tamoxifen or ICI 182780 [22]. 
Following injection of [3H]oestradiol, specific uptake 
was readily measured in uterus, pituitary gland, 
brain and adipose tissue. Tamoxifen blocked uptake 
by all tissues, whereas ICI 182780 blocked all tissue 
uptake apart from that in the brain. In vitro receptor 
binding studies confumed that ICI 182780 competes 
more effectively than tamoxifen with oestradiol for 
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binding to brain-derived ER, confirming that the 
absence of in uiuo blockade of brain ER in ICI 
182780-treated rats must be due to the inability of 
ICI 182780 to penetrate the blood-brain barrier [22]. 
Wade et al. [22] went on to show that ICI 182780 
partially attenuated the oestrogenic effects of 
oestradiol and tamoxifen on body composition and 
sexual behaviour in ovariectomized rats in support 
of the thesis that these actions are mediated, in part, 
by non-neural target tissues. 

Mode of action studies 

The regulation of cellular events in oestrogen 
target tissues is mediated by oestrogen binding to 
intracellular receptors, which function as ligand- 
responsive transcription factors of oestrogen-regu- 
lated genes. Oestradiol binding to ER initiates a 
complex series of events including dissociation of 
heat shock proteins from ER, ER dimerization and 
binding to discrete DNA sequences termed oestrogen 
response elements in the regulatory regions of target 
genes [23]. It is assumed that the high-affinity ligand- 
ER interaction drives a series of conformational 
changes to facilitate these events, but these changes 
have not been characterized at the molecular level. 
Functional mapping of effector domains has defined 
core regions of the ER, which mediate binding to 
oestradiol, heat shock proteins and DNA, and 
regions essential for dimerization and transcriptional 
activation. Two major independent transcriptional 
activation domains of the ER have been defined, 
one region at the amino terminus and one in the 
carboxy terminus of ER, designated AFl and 2, 
respectively [24]. It is assumed that these regions of 
the ER influence, either directly or indirectly, the 
assembly and efficient operation of the transcriptional 
complex. Since receptors do not function in the same 
way in all cells, it is further assumed that the 
particular spectrum of gene response to oestrogen 
is determined by both the differentiated nature of 
the cell and promotor context [23,25]. 

Studies with antioestrogens have been useful in 
illuminating the role of AFs. Following an 
initial observation that 4-hydroxytamoxifen, unlike 
oestradiol, does not induce AF2 activity, Berry et 
al. [26] demonstrated that this ligand can activate 
AFl and that the activity of AFl is promotor context 
dependent. Thus, in individual cells and potentially 
for individual genes the relative strength of AFl and 
2 could determine the partial agonist activity of 
antioestrogens. Where AF2 is dominant, tamoxifen 
would be expected to act as an antagonist. The 
partial agonist activity observed in vivo would 
correspondingly depend on the activity of AFl 
[26,27]. It was also shown that ICI 164384 is unable 
to activate either AFl or 2, consistent with its pure 
antagonist activity [26]. Independent confirmation 
of the importance of AFl for tissue-specific agonist 
activity of non-steroidal antioestrogens has been 
published recently [28]. 

endometrium, involves obligatory induction of, or 
interaction with, other growth factors. This question 
has been investigated intensively using cultured 
human breast cancer cells, and although it is clear 
that these cells secrete and respond to a number of 
growth factors and that oestrogen regulates the 
production of some of these factors, no clear answer 
has emerged [29]. Recent studies of interactions 
between oestrogen and IGF-I with tamoxifen and 
the pure antioestrogens provide some further insight 
into this issue. Both oestradiol and IGF-I alone 
stimulate the growth of breast cancer cells in vitro 
and added together have a powerful synergistic 
action, suggesting the presence of independent 
but interacting mitogenic pathways [30,31]. The 
mitogenic action of IGF-I can be attenuated by anti- 
IGF-I receptor antibodies but also by antioestrogen 
treatment [30]. The latter inhibitory effect of 
antioestrogens can be seen in the complete absence 
of oestradiol but does require the presence of ER. 
This implies that the mitogenic action of IGF-I is 
mediated, in part, through the ER. Similar 
conclusions may be drawn from studies with other 
breast cell mitogens, for example EGF [30,32]. It 
is not clear how the oestrogen- and growth factor- 
mediated mechanisms interact, but the “cross-talk” 
may involve modulation by growth factor-induced 
changes in phosphorylation of the ER itself or 
of other protein components of the promoter- 
transcriptional complex. Transcriptional activation 
of the ER in the absence of oestradiol can be induced 
by dopamine [33], EGF [34], CAMP [35] and IGF- 
I [35,36]; ER-induced transcriptional activation in 
all cases was blocked by the pure antioestrogen ICI 
164384 [33-361. Protein kinase (PK) activators acting 
through PKA or PKC have been shown to act 
synergistically with oestradiol to activate ER [37]. 
The correlation between the phosphorylation status 
of ER and its transcriptional activity is, however, 
not simple because ICI 164384 was as effective as 
oestradiol in increasing ER phosphorylation but 
completely ineffective in transcriptional activation. 
ICI 164384 also did not block IGF-I-stimulated ER 
phosphorylation [35]. 

Oestrogen-induced cell growth 

Physiological interactions between oestrogen and 
growth factor-mediated mitogenesis have also been 
studied using the uterus as a model system. In the 
rodent uterus, oestrogen stimulationof the expression 
of IGF-I and EGF is consistent with the view that 
these factors may mediate tissue growth. EGF 
administration to ovariectomized mice mimics 
oestrogen-induced DNA synthesis in the uterus, and 
this induction is blocked by ICI 164384 [38,39]. The 
blockade of EGF action by ICI 164384 may be 
explained by the rapid loss of ER from the uterus 
following treatment with ICI 164384 [40]. A similar 
depletion of ER in ICI X4384-treated cells in vitro 
[41,42] may account for the inhibition of growth 
factor stimulated cell division discussed above. Loss 
of ER reflects increased turnover of the protein [41] 
and disrupted nucleocytoplasmic shuttling of ER 
[43] in the presence of pure antioestrogens. 

An enduring conundrum of oestrogen action is Like oestradiol, tamoxifen stimulates expression 
whether the hormone is a direct or an indirect of the IGF-I gene in the rat uterus, consistent with 
mitogen, that is whether cell division in oestrogen- its uterotrophic action, whereas ICI 182780 has a 
responsive tissues, such as the breast and powerful inhibitory effect [44]. This stimulatory 
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effect of tamoxifen in the uterus was distinct from 
effects in the liver and lung where inhibition of IGF- 
I gene expression was reported [45] and from the 
reduced serum concentration of IGF-I in patients 
treated with tamoxifen [46]. The reason for this 
differential organ response of the IGF-I gene to 
tamoxifen is not understood but may be clinically 
important since uterine induction of IGF-I could 
contribute to the trophic alterations of the 
endometrium reported in some postmenopausal 
breast cancer patients treated with tamoxifen. The 
contrasting actions of tamoxifen also extend to 
effects on IGFBPs, which attenuate the mitogenic 
action of IGF-I. Tamoxifen and oestradiol suppress 
uterine IGFBP3 expression, but ICI 182780 
significantly stimulates expression [47]. These 
contrasts between the trophic actions of tamoxifen 
and the inhibitory effects of ICI 182780 on the IGF- 
I/IGFBP system in the uterus have a parallel in 
tamoxifen-resistant human breast cancer cells. In 
tamoxifen-sensitive human breast cancer cells, 
tamoxifen decreases IGF-I binding [48] and both 
antioestrogens significantly increase IGFBP3 [49], 
whereas in cells selected for acquired resistance to 
tamoxifen, IGF-I binding was increased and 
tamoxifen-stimulated growth was dependent on IGF- 
I [50]. The growth of these tamoxifen-resistant cells 
could be inhibited by pure antioestrogen treatment 
[50]. Similarly in another resistant human breast 
cancer cell line, tamoxifen stimulated growth, and 
expression of oestrogen-regulated genes remained 
sensitive to inhibition bv ICI 164384 and ICI 182780 i 
WI. 
Conclusions 

The differential tissue and gene responses to 
oestrogens and antioestrogens discussed here have 
important practical implications in therapeutics, 
particularly with respect to the differences between 
partial agonists like tamoxifen compared with pure 
antagonists like ICI 164384 and ICI 182780. The 
latter compounds may hold out particular advantages 
in breast cancer therapy, particularly in the fact that 
tumours resistant to tamoxifen may not be cross- 
resistant to pure antioestrogens [16], and unlike 
tamoxifen pure antioestrogens do not stimulate the 
uterus, but those advantages must be balanced 
against the beneficial actions of the oestrogenic 
activity of tamoxifen on the bone. The recent 
description of non-steroidal (anti)oestrogens selec- 
tive for bone [20,52] may presage a new era of drug 
discovery directed to tissue- or gene-selective agents. 
Further mechanistic insights must be expected from 
the search for ER-associated proteins in the 
transcriptional complex whose expression might be 
tissue- or differentiation-stage specific [53,54] and 
from continued analysis of the complex interactions 
between growth factor and steroid-induced gene 
expression. 

REFERENCES 

1. Fisher B, Costantino JP, Redmond CK, Fisher ER, 
Wickerham DL and Cronin WM, Endometrial cancer 
in tamoxifen-treated breast cancer patients: Findings 
from the national surgical adjuvant breast and bowel 

project (NSABP) B-14. .J Nat1 Cancer Znst 86: 527- 
537, 1994. 

2. Kedar RP, Bourne TH, Powles TJ, Collins WP, Ashley 
SE, Cosgrove DO and Campbell S, Effects of tamoxifen 
on uterus and ovaries of postmenopausal women in a 
randomised breast cancer prevention trial. Lance? 343: 
131&1321, 1994. 

3. Wakeling AE, Pharmacology of antioestrogens. In: 
Pharmacolonv and Clinical Uses of Inhibitors of 
Hormone Secretion and Action (Eds.’ Furr BJA and 
Wakeling AE), pp. 1-19. Bailliere Tindall, London, 
1987. 

4. Jordan VC, Biochemical pharmacology of antiestrogen 
action. Pharmacol Rev 36: 245-276, 1984. 

5. Nayfield SG, Karp JE, Ford LG, Door FA and Kramer 
BS, Potential role of tamoxifen in prevention of breast 
cancer. J Nat1 Cancer Znst 83: 1450-1459, 1991. 

6. Jordan VC, A current view of tamoxifen for the 
treatment and prevention of breast cancer. Br J 
Pharmacol 110: 507-517, 1993. 

7. Branham WS, Zehr DR and Sheehan DM, Differential 
sensitivity of rat uterine growth and epithelium 
hypertrophy to estrogens andantiestrogens. Proc Sot 
EXD Biol Med 203: 297-303. 1993. 

8. Kehrer KL, Kirchick HJ and Peck EJ Jr, Differential 
sensitivity of estrogen target tissues: The role of the 
receptor. Endocrinoloav 111: 19861995, 1982. 

9. Wakeling AE and Bowler J, Novel antioestrogens 
without partial agonist activity. J Steroid Biochem 31: 
645-653, 1988. 

10. Wakeling AE, Dukes M and Bowler J, A potent 
specific pure antiestrogen with clinical potential. Cancer 
Res 51: 3867-3873, 1991. 

11. Harper MJK and Walpole AL, A new derivative of 
triphenylethylene: Effect on implantation and mode of 
action in rats. .I Reprod Fertil 13: 101-119, 1967. 

12. Nicholson RI, Gotting KE, Gee J and Walker KJ, 
Actions of oestrogens and antioestrogens on rat 
mammary gland development: Relevance to breast 
cancer prevention. .I Steroid Biochem 30: 95-103,1988. 

13. Kalu DN, Liu CC, Salerno E, Hollis B, Echon R and 
Ray M, Skeletal response of ovariectomized rats to 
low and high doses of 17/$estradiol. Bone Miner 14: 
175-187, 1991. 

14. Turner RT, Wakley GK, Hannon KS and Bell NH, 
Tamoxifen prevents the skeletal effects of ovarian 
hormone deficiency in rats. J Bone Miner Res 2: 449- 
456, 1987. 

15. Feldman S, Minne HW, Parvizi S, Pfeifer M, Lempert 
UG, Bauss F and Ziegler R, Antiestrogen and 
antiandrogen administration reduce bone mass in the 
rat. Bone Miner 7: 245-254, 1989. 

16. Wakeling AE, The future of new pure antiestrogens in 
clinical breast cancer. Breast Cancer Res Treat 25: l- 
9, 1993. 

17. Gallagher A, Chambers TJ and Tobias JH, The 
estrogen antagonist ICI 182,780 reduces cancellous 
bone volume in female rats. Endocrinology 133: 2787- -. 
2791, 1993. 

18. Dukes M, Chester R, Yarwood L and Wakeling AE, 
Effects of a non-steroidal pure antioestrogen, ZM 
189,154, on oestrogen target organs of the ratincluding 
bones. J Endocrinol 141: 335-341, 1994. 

19. Black LJ, Jones CD and Falcone JF, Antagonism of 
estrogen ‘action with a new benzothiophene derived 
antiestrozen. Life Sci 32: 1031-1036. 1983. 

20. Black LJ:Sato M, Rowley ER, Magee DE, Bekele A, 
Williams DC, Cullinan GJ, Bendele R, Kauffman RF, 
Bensch WR, Frolik CA, Termine JD and Bryant HU, 
Raloxifene (LY 139481 HCl) prevents bone loss and 
reduces serum cholesterol without causing uterine 
hypertrophy in ovariectomized rats. J Clin Znvest 93: 
63-69, 1994. 



Pharmacology of oestrogens and antioestrogens 1549 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

Wade GN and Heller HW, Tamoxifen mimics the 
effects of estradiol on food intake, body weight, and 
body composition in rats. Am J Physiol 264: R1219- 
R1223, 1993. 
Wade GN, Blaustein JD, Gray JM and Meredith JM, 
ICI 182,780: A pure antiestrogen that affects behaviors 
and energy balance in rats without acting in the brain. 
Am J Physiol265: R1392-R1398, 1993. 
Beato M, Gene regulation by steroid hormones. Cell 
56: 335-344, 1989. 
Tora L, White J, Brou C, Tasset D, Webster N, Scheer 
E and Chambon P, The human estrogen receptor has 
two independent nonacidic transcriptional activation 
functions. Cell 59: 477-487, 1989. 
Gronemeyer H, Transcription activation by nuclear 
receptors. J Recept Res 13: 667-691, 1993. 
Berry M, Metzger D and Chambon P, Role of the two 
activating domains of the oestrogen receptor in the 
cell-type and promotor-context dependent agonistic 
activity of the anti-oestrogen 4-hydroxytamoxifen. 
EMBO J 9: 2811-2818, 1990. 
Green S and Chambon P, Nuclear receptors enhance 
our understanding of transcription regulation. Trends 
Genet 4: 309-314, 1988. 
Tzukerman MT, Esty A, Santiso-Mere D, Danielian 
P, Parker M, Stein RB, Pike JW and McDonnell DP, 
Human estrogen receptor transactivational capacity is 
determined by both cellular and promotor context and 
mediated by two functionally distinct intramolecular 
regions. Mol Endocrinol 8: 21-30, 1994. 
Dickson RB and Lippman ME, Control of human 
breast cancer by estrogen, growth factors and 
oncogenes. In: Breast Cancer; Cellular and Molecular 
Biology (Eds. Lippman ME and Dickson RB), pp 119- 
165. Kluwer Academic Publishers, Boston, 1988. 
Wakeling AE, Newboult E and Peters SW, Effects of 
antioestrogens on the proliferation of MCF-7 human 
breast cancer cells. J Mol Endocrinol2: 225-234. 1989. 
Stewart AJ, Johnson MD, May FEB and Westley BR, 
Role of the Type 1 insulin-like growth factors and the 
Type 1 insulin-like growth factor receptor in the 
estrogen-stimulated proliferation of human breast 
cancer cells. J Biol Chem 34: 21172-21178, 1990. 
Freiss G, Prebois C, Rochefort H and Vignon F, Anti- 
steroidal and anti-growth factor activities of anti- 
estrogens. J Steroid Biochem Mol Biol 37: 777-781, 
1990. 
Smith CL, Conneely OM and O’Malley BW, 
Modulation of the ligand-independent activation of the 
human estrogen receptor by hormone and antihormone. 
Proc Nat1 Acad Sci USA 90: 6120-6124, 1993. 
Ignar-Trowbridge DM, Teng CT, Ross KA, Parker 
MG, Korach KS and McLachlan JA, Peptide 
growth factors elicit estrogen receptor-dependent 
transcriptional activation of an estrogen-responsive 
element. Mol Endocrinol7: 992-998, 1993. 
Aronica SM and Katzenellenbogen BS, Stimulation of 
estrogen receptor-mediated transcription and alteration 
in the phosphorylation state of the rat uterine estrogen 
receptor by estrogen, cyclic adenosine monophosphate, 
and insulin-like growth factor-l. Mol Endocrinol 7: 
743-752, 1993. 
Newton CJ, Buric R, Trapp T, Brockmeier S, Pagatto 
U and Stalla G, The unliganded estrogen receptor 
(ER) transduces growth factor signals. J Steroid 
Biochem Mol Biol48: 481-486, 1994. 
Cho H and Katzenellenbogen BS, Synergistic activation 
of estrogen receptor-mediated transcription by estradiol 
and protein kinase activators. Mol Endocrinol7: 441- 
452, 1993. 
Nelson KG, Takahashi T, Bossert NL, Walmer DK 
and McLachlan JA, Epidermal growth factor replaces 
estrogen in the stimulation of female genital-tract 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

growth and differentiation. Proc Nat1 Acad Sci USA 
88: 21-25, 1991. 
Ignar-Trowbridge DM, Nelson KG, Bidwell MC, Curtis 
SW, Washburn TF, McLachlan JA and Korach KS. 
Coupling of dual signaling pathways: epidermal growth 
factor action involves the estrogen receptor. Proc Nat1 
Acad Sci USA 89: 4658-4662. 1992. 
Gibson MK, Nemmers LA, Beckman WC Jr, Davis 
VL, Curtis SW and Korach KS, The mechanism of ICI 
164,384 antiestrogenicity involves rapid loss of estrogen 
receptor in uterine tissue. Endocrinology 129: 2000- 
2010, 1991. 
Dauvois S, Danielian PS, White R and Parker MG, 
Antiestrogen ICI 164,384 reduces cellular estrogen 
receptor content by increasing its turnover. Proc Nat1 
Acad Sci USA 89: 4037-4041, 1992. 
Reese JC and Katzenellenbogen BS, Examination of 
the DNA-binding ability of estrogen receptor in 
whole cells: Implications for hormone-independent 
transactivation and the actions of antiestrogens. Mol 
Cell Biol12: 4.531-4538, 1992. 
Dauvois S, White R and Parker MG, The antiestrogen 
ICI 182780 disrupts estrogen receptor nucleo- 
cytoplasmic shuttling. J Cell Sci 106: 1377-1388, 1993. 
Huvnh HT and Pollak M. Insulin-like growth factor I 
gene expression in the uterus is stimulateud bv tamoxifen 
and inhibited by the pure antiestrogen ICI 182780. 
Cancer Res 53: 5585-5588. 1993. 
Huynh HT, Tetenes E, Wallace L and Pollack M, In 
viuo inhibition of insulin-like growth factor I gene 
expression by tamoxifen. Cancer Res 53: 1727-1730, 
1993. 
Pollack M, Tamoxifen reduces serum insulin-like 
growth factor I (IGF-I). Breast Cancer Res Treat 22: 
91-100, 1992. 
Huynh H and Pollack M, Uterotropic actions of 
estradiol and tamoxifen are associated with inhibition 
of uterine insulin-like growth factor binding protein 3 
gene expression. Cancer Res 54: 3115-3119, 1994. 
Freiss G, Rochefort H and Vignon F, Mechanisms of 
4-hydroxytamoxifen anti-growth factor activity in breast 
cancer cells: Alterations of growth factor receptor 
binding sites and tyrosine kinase activity. Biochem 
Bionhys Res Commun 173: 919-926. 1990. 
Pratt SE and Pollack MN, Estrogen and antiestrogen 
modulation of MCF-7 human breast cancer cell 
proliferation is associated with specific alterations in 
accumulation of insulin-like growth factor-binding 
proteins in conditioned media. Cancer Res 53: 519% 
5198, 1993. 
Wiseman LR, Johnson MD, Wakeling AE, Lykkesfeldt 
AE, May FEB and Westley BR, Type I IGF receptor 
and acquired tamoxifen resistance in oestrogen- 
responsive human breast cancer cells. Eur J Cancer 
29A: 22562264, 1993. 
Coopman P, Garcia M, Brunner N, Derocq D, Clarke 
R and Rochefort H, Anti-proliferative and anti- 
estrogenic effects of ICI 164,384 and ICI 182,780 in 4- 
OH-tamoxifen resistant human breast cancer cells. Znt 
J Cancer 56: 295-300, 1994. 
Willson TM, Henke BR, Momtahen TM, Charifson 
PS, Batchelor KW, Lubahn DB, Moore LB, Oliver 
BB, Sauls HR, Triantafillou JA, Wolfe SG and Baer 
PG, 3-14-(1,2-Diphenvbut-1-envl)uhenvllacrvlic acid: 
A non-steroidal estrogen with functional seleitivity for 
bone over uterus in rats. J Med Chem 37: 1550-1552. 
1994. 
Cavailles V, Dauvois S, Danielian PS and Parker MG. 
Interaction of proteins with transcriptionally active 
estrogen recenters. Proc Nat1 Acad Sci USA 91: 10009- 
1001x 1994. _ 
Halachmi S, Marden E, Martin G, MacKay H, 
Abbondanza C and Brown M, Estrogen receptor- 
associated proteins: Possible mediators of hormone- 
induced transcription. Science 264: 1455-1458, 1994. 


