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Abstract. Estrogen is a key regulatory hormone, which in addition to its role in repro-
duction, affects a number of physiological systems, including the skeleton and car-
diovascular system. The important role of estrogen in various tissues is perhaps most
evident in postmenopausal women who, in addition to menopausal symptoms, expe-
rience increases in osteoporosis and coronary heart disease as their estrogen levels
decline. Estrogen replacement, while effective against osteoporosis and heart dis-
, ease, produces a number of side effects associated with the breast and uterus which
limits compliance. Selective estrogen receptor modulators (SERMs), such as raloxif-
ene and tamoxifen, produce beneficial estrogen-like effects on bone and lipid metabo-
lism, while antagonizing estrogen in reproductive tissue. SERMs can be distinguished
from each other in reproductive tissue, particularly the uterus, by their activity profile.
For example, while triphenylethylenes like tamoxifen behave as partial agonists, ral-
oxifene (a benzothiophene) behaves as a complete antagonist in the uterus. The
SERM profile is distinct from that of full estrogens (i.e. 17p-estradiol or 17a-dihydro-
equilenin) which behave as estrogen agonists in all tissues and pure estrogen an-
tagonists (i.e. ICI-164,384) which exhibit only an estrogen antagonist profile in a bat-
tery of tissue types. The precise mechanism by which SERMs produce this tissue-
selective pharmacology remains a question. It is clear, however, that for raloxifene,
both the estrogen agonist effects on bone and cholesterol metabolism as well as the
estrogen antagonist effects in uterine and mammary tissue involve high affinity inter-
action with the estrogen receptor. The estrogen antagonist activity is mediated via
classical pharmacological competition for estrogen receptor binding. The estrogen
agonist activity, in bone for example, appears to involve novel post-receptor pathways
and non-classical estrogen response element(s) which are activated by SERMs. These
novel response elements may represent natural pathways which respond to estrogen

metabolites in vivo.

[P.S.E.B.M. 1998, Vol 217]

Impact of Estrogen on Women’s Health

Achieving a ‘‘rectangularization of life’’ is an impor-
tant goal for modern therapeutics. Over the last 50 years,
medical advances such as antibiotics for bacterial infections
and current therapies for cardiovascular diseases have led
some to foresee a society where nearly all individuals sur-
vive to an advanced age, then succumb rather abruptly over
a narrow age range (1, 2). This rectangularized survival
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curve, a plot of cumulative survival versus age, highlights
the importance of targeting new therapies to additional dis-
ease. Thus, as the global population ages, diseases associ-
ated with frailty will become of greater consequence, par-
ticularly those associated with significant disability such as
osteoporosis. A key goal of therapeutics aimed at such
chronic disabling diseases will be to prevent the underlying
causes of morbidity. Therefore, clinically effective medi-
cines, with excellent safety profiles that insure compliance,
will be essential for therapeutic regimens targeted at these
disease states.

As women enter the menopause, a number of hormonal
changes occur. Most notable of these changes is the dra-
matic fall in circulating levels of 173-estradiol and estrone
(3). Progestin pulsatility decreases, and pituitary gonadotro-
phin levels (FSH, LH) increase (4). These hormonal
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changes are associated with loss of menstrual cyclicity and
a number of symptoms associated with the decline in estro-
gen (i.e., hot flushes, mood swings, and sleep disorders).
Important chronic diseases, such as heart disease and osteo-
porosis, have also been attributed to (or associated with)
long-standing estrogen deprivation. Heart disease is the
leading cause of death in postmenopausal women, as the
apparent benefit of estrogen on LDL . ceror @and other
markers of cardiovascular disease is lost in the postmeno-
pausal period (5). Postmenopausal women also experience a
sharp rise in bone turnover that leads to a net loss of bone
mass due to excessive bone resorption by osteoclasts (6).
Whereas a number of various fractures are associated with
postmenopausal bone loss, the most severe outcome of post-
menopausal osteoporosis is hip fracture. Over one-half of
the women who experience a hip fracture become depen-
dent upon someone else for all or part of their daily care (7).
The eventual cost of osteoporosis to the health care system
in the United States in 1995 was estimated to be $13.8
billion, and as the postmenopausal population increases, this
cost should increase as well (8).

The ability of estrogen, either alone (estrogen replace-
ment therapy or ERT) or in combination with one of several
progestin regimens (hormonal replacement therapy or
HRT), to prevent many of the symptoms and diseases as-
sociated with the menopause speaks to the central role of
estrogen in the pathophysiology of these disease states. ERT
and HRT arrest bone loss due to the menopause (9, 10) and
reduce the rate of major cardiovascular events such as myo-
cardial infarction and cerebrovascular accidents (11, 12).
Preliminary evidence suggests a potential benefit of estro-
gen use on cognitive function (13). Unfortunately, ERT and/
or HRT are associated with a number of side effects includ-
ing: resumption of menses, breast tenderness, and abdomi-
nal bloating, among others (14). Recent studies show that in
addition to these side effects, additional concerns over in-
creased relative risk for breast and uterine cancer exist. Use
of HRT for 5 years was recently associated with a 40%
increased risk of developing breast cancer (15). Others have
suggested no real increase in relative risk for breast cancer
in estrogen users (16). However, in reviewing the numerous
epidemiological data available on the relationship between
HRT and breast cancer, consensus groups have concluded
that long-term use of HRT may be associated with up to
35%-40% increased incidence of breast cancer (17). Dura-
tion of exposure may be a key determining factor (16).
Addition of the progestin (HRT) is required in women with
an intact uterus to counteract the uterine stimulatory effect
of estrogen and subsequently reduce the risk for uterine
cancer. While this is likely true for short-term HRT regi-
mens aimed at treating menopausal symptoms, a recent
case-controlled study in the United States suggests that de-
pending upon the progestin schedule used and the duration
of therapy, an increased risk of developing endometrial can-
cer can be detected in postmenopausal women using HRT
(18).
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The ultimate impact of the side effect profile with
chronic estrogen use and concern over cancer risk is a se-
vere limitation to compliance with ERT or HRT for the
prevention of chronic diseases such as osteoporosis or coro-
nary heart disease, as these disease states are typically
asymptomatic until either the occurrence of a fracture or
cardiovascular event. It is clear, particularly in the case of
osteoporosis, that once estrogen therapy is discontinued, the
benefit of estrogen is lost over time (19). Thus, there exists
a need for, what we have termed, *‘the ideal estrogen.”’” The
ideal estrogen is one that produces the beneficial effects of
estrogen on bone mass, intermediate endpoints of cardio-
vascular disease (i.e., cholesterol reduction), and perhaps
cognition. With the ideal estrogen, these positive effects
occur in the absence of estrogen-like stimulation of repro-
duction-associated tissue, most notably, the breast and
uterus. These key factors should be accompanied by an
excellent overall safety profile in postmenopausal women in
order to insure long-term compliance for a preventative
medicine.

The first clues to the possibility of ideal estrogens were
provided by compounds that were associated traditionally
with estrogen antagonist activity for breast cancer, and thus,
were categorized as ‘‘anti-estrogens.”’ These agents, exem-
plified by tamoxifen, a triphenylethylene, (Fig. 1) and ral-
oxifene, a benzothiophene, (Fig. 1) were later demonstrated
to exhibit either full or partial estrogen agonist effects at
various tissue sites (20, 21). Since both the estrogen agonist
and antagonist activities of these compounds involve high
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Figure 1. Chemical structures of representative ligands for the es-
trogen receptor.



affinity interaction with the estrogen receptor, agents dis-
playing this tissue selective profile were later classified as
selective estrogen receptor modulators (SERMs) (22). As
will be discussed here, SERMs exhibit a distinct pharma-
cological profile from full estrogens (i.e., ICI-164,384; Fig.
1). While the discussions herein will focus on tamoxifen and
raloxifene as representative SERMs, there now exist a large
number of agents with a SERM-profile (23), which include:
tamoxifen-like triphenylethylenes (droloxifene, idoxifene,
toremifene, clomiphene), benzopyrans (centchroman), dihy-
dronaphthylenes (trioxifene, LY326315), tetrahydronaph-
thylenes (CP-336,156), and substituted benzothiophenes
(LY317783 - HCI). In this review we will summarize the
SERM activity profile in bone, cholesterol metabolism,
uterus, and mammary tissue. We will also describe potential
mechanisms for the tissue selective activity.

SERM Tissue Activity Profile

Bone. Estrogen deficiency in postmenopausal women
increases the rate of bone turnover with bone resorption
outpacing bone formation and resulting in the net loss of
bone mineral density, particularly at trabecular rich bone
sites such as the metaphyses of long bones, vertebrae, and
hip (5). Postmenopausal bone loss can be reproduced in
ovariectomized (OVX) rats that exhibit osteopenia in as
little as 5 weeks (24). The effects of various estrogenic
agents at preventing bone loss induced by ovariectomy in
rats are depicted in Figure 2. As shown, an orally available
estrogen (ethynyl estradiol) exhibits a dose-dependent anti-
osteopenic effect that approaches the level of bone mineral
density measured for ovary-intact controls. The SERMs,
tamoxifen and raloxifene, exhibit a similar anti-osteopenic
effect, albeit with reduced potency. However, the pure es-
trogen antagonist, ICI-164, 384, has no effect on bone min-
eral density in OVX rats (25).

As with estrogen, the antiosteopenic effects of raloxif-
ene and tamoxifen are associated with suppression of bone
resorption, which can be shown both by dynamic bone his-
tomorphometry (26) as well as by measurement of bio-
chemical markers of bone metabolism (27). With raloxif-
ene, the beneficial effects on bone mineral density are as-
sociated with an improvement in the biomechanical

properties of bone in OVX rats as well (28). Positive effects
of raloxifene or tamoxifen have also been described in post-
menopausal women, either as the result of placebo-
controlled trials (29) or as an observation in women under
treatment for breast cancer (30).

Cholesterol Metabolism. As a woman enters
menopause, an increase in LDL j jesreror 1€VElS is observed
that approaches those measured in males (4). Estrogen
lowers LDL j jesteror @nd increases HDL g iesieror (31)-
The OVX rat model is quite useful for assessing the
LDL j,o1estero; lOWering capacity of estrogenic agents (32)
although it suffers limitations in terms of modeling HDL-
cholesterol effects. Because both LDLcholesterol and HDLcholes'
terol in rats is cleared via hepatic LDL receptor, cholesterol
levels in the rat can be used to predict LDL 4 jcqteror lOWET-
ing efficacy of estrogen-like substances. As shown in Figure
3, ethynyl estradiol, tamoxifen, and raloxifene all produce
hypocholesterolemic effects of similar magnitude in OVX
rats, with ethynyl estradiol showing the greatest potency. As
with bone, ICI-164,384 showed no significant estrogen ago-
nist activity (25). The hypocholesterolemic activity with
raloxifene occurs via interaction with the estrogen receptor,
based on extensive testing of chemically related benzothio-
phenes for estrogen receptor binding affinity (in vitro) and
their ability to lower cholesterol in vivo (33). The ability of
SERMs to lower LDL jecero1 Das also been demonstrated
in postmenopausal women. Daily administration of raloxi-
fene for 2 months to postmenopausal women in a placebo-
controlled, double-blind study resulted in a significant re-
duction of LDL; jestero; @nd treatment of postmenopausal
breast cancer patients with tamoxifen produced similar low-
ering of cholesterol (29).

While the cholesterol reducing effects of SERMs
should produce a positive effect on cardiovascular events, it
is clear that estrogen produces other, non-cholesterol-
associated effects on the cardiovascular system that contrib-
ute to the overall cardioprotective profile attributed to ERT
or HRT. Less information is currently available with regard
to specific mechanisms for these effects of estrogen, al-
though effects on vascular smooth muscle proliferation and
migration, endothelial factors, and LDL oxidation have
been hypothesized. As no clear mechanism or model exists
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Figure 3. Effect of representative ligands for the
estrogen receptor on serum total cholesterol levels
in 75-day-old ovariectomized (OVX) rats following
35 days of oral administration (25). * = p < 0.05 vs.
OVX control.
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for these non-cholesterol-associated cardioprotective effects
of estrogen, it is difficult to know how to model potential
activities of SERMs. However, raloxifene has been shown
to reduce aortic cholesterol content in rabbits (34) and in-
hibit LDL oxidation (35). Additionally, chronic tamoxifen
treatment in cholesterol-fed mice also reduced aortic cho-
lesterol burden (36). In breast cancer patients receiving
tamoxifen therapy a significant reduction in serious cardio-
vascular events was observed (37).

Uterus. The uterus is very sensitive to estrogens and
represents a key organ for clinical safety concerns with
chronic use of estrogenic agents. Certain SERMs distin-
guish themselves from traditional estrogens in terms of uter-
ine stimulation. In assessing the uterine profile of various
ligands for the estrogen receptor, it is important to consider
their activities both in the absence and the presence of es-
trogen in order to determine relative estrogen agonist and
estrogen antagonist capacities.

In OVX rats, reduction in circulating 173-estradiol lev-
els results in uterine atrophy within a few days. As shown in
Figure 4, administration of ethynyl estradiol markedly
stimulates the uterus as measured by uterine weight gain.
Tamoxifen similarly increases uterine weight in OVX rats.
In contrast, raloxifene produces no consistent or dose-
related increases of uterine weight. Consistent with its lack
of estrogen agonist activity in other tissues, ICI-164,384
also fails to increase uterine weight (25). A similar pattern
is observed for other estrogenic responses in the uterus of
OVX rats given raloxifene, including no stimulation of en-

dothelial cell height and eosinophil infiltration (24). Post-
menopausal women given raloxifene for a 2-month period
demonstrated no signs of uterine stimulation as determined
by histologic procedures, whereas similar women in the
same study given conjugated equine estrogens displayed
marked stimulation of the uterus (29). Endometrial stimu-
lation of women treated chronically with tamoxifen repre-
sents a significant safety concern: an increase in uterine
carcinomas was observed in women following 1 year of
continuous exposure to tamoxifen in a breast cancer pre-
vention trial (38).

The estrogen antagonist properties of SERMs are also
very important in understanding the uterine profile of these
agents. In immature rats given maximal stimulatory doses
of estrogen, raloxifene completely antagonizes the effects of
estrogen, as does ICI-182,780 (Fig. 5). By contrast, tamoxi-
fen partially blocks the action of estrogen on the uterus, as
at higher dose levels the intrinsic uterine stimulation pro-
duced by tamoxifen itself is a limiting factor (39). Thus, in
the uterus, tamoxifen behaves as a classical partial agonist at
the estrogen receptor whereas raloxifene and ICI-182,780
are complete antagonists. Further work distinguishing the
uterine effects of raloxifene and tamoxifen has shown that
raloxifene can completely block tamoxifen-induced eleva-
tion of uterine epithelial cell height in ovariectomized rats
(40). The differences in the uterine profile of raloxifene and
tamoxifen can also be explained on a structural basis, as the
carbonyl hinge portion of raloxifene results in a more planar
orientation of the basic side chain that moves this moiety
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Figure 4. Effect of representative ligands for the es-
trogen receptor on uterine weight in 75-day-old ovari-
ectomized (OVX) rats following 35 days of oral ad-
ministration (25). * = p < 0.05 vs. OVX control.
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out of the average plane of the three-ring system (41). The
basic side chain of the triphenylethylene structure of
tamoxifen, however, lies within the average plane of the
stilbene nucleus. The orientation of this basic side chain is
an essential element for determining whether other SERMs
produce a more raloxifene-like or tamoxifen-like profile in
the uterus. The piperidyl constituent of raloxifene’s basic
side chain also has been associated with reduced uterine
stimulation, as compared to the dimethyl amino basic side
chain of tamoxifen (41).

Mammary Tumors. Tamoxifen and raloxifene were
originally developed as antagonists of estrogen-dependent
tumors of mammary tissue. In vitro, estrogen induces pro-
liferation of MCF-7 cells (human breast cancer cell line), an
effect that is potently antagonized by raloxifene with an
IC5, of 0.2 nM (42). The putative active metabolite of
tamoxifen, 4-hydroxy-tamoxifen, and ICI-182,780 inhibit
estrogen-induced MCF-7 cell proliferation with a similar
potency and maximal efficacy level (42). Various in vivo
models have shown the ability of tamoxifen and raloxifene
to blunt growth of established mammary tumors induced by
carcinogens such as dimethylbenzanthrocene (43) or in tu-
mor cell xenografts in athymic mice (44). ICI-164,384 pro-
duces similar anti-tumor effects in animal models of breast
cancer (45). Work in animal models has also shown that
both tamoxifen and raloxifene are effective at preventing
mammary tumors induced by the carcinogen, nitrosomethy-
lurea (46). Tamoxifen has proven clinical utility as a treat-
ment for breast cancer (47).

SERMs: Multiple Pathways for
Estrogen Responses

Efforts aimed at understanding the mechanism for se-
lectivity of estrogen agonist versus estrogen antagonist ac-
tivity for SERMs are currently the subject of intensive re-
search. The estrogen receptor itself lies at the center of this
mechanism. Recent evidence generated primarily with the
SERM raloxifene has shown the presence of distinct post-
receptor binding pathways that are responsible for some of
the tissue-selective activities of SERMs. The estrogen re-
ceptor is a nuclear transcription factor that is activated by
ligand-binding to assume a conformation that permits bind-
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164,384

Figure 5. Estrogen antagonist effect of representative li-
gands for the estrogen receptor on uterine weight in estro-
gen-supplemented (ethynyl estradiol, 0.1 mg/kg; PO) imma-
ture rats following 3 days of oral administration (39). * =p <
0.05 vs. ethynyl estradiol control.

ing to specific DNA sequence and subsequent activation or
inhibition of gene expression (48). Modulation of the estro-
gen receptor plays a central role in the actions of SERMs on
the skeleton and cholesterol metabolism as well as on re-
productive tissue. Scatchard plot analyses of [*H]-raloxifene
or [H]-17B-estradiol binding to recombinant human estro-
gen receptor reveal that these two ligands compete for a
single high-affinity binding site with respective K, values of
54 and 86 pM (49). A similar high affinity binding of 4-
hydroxy-tamoxifen to the estrogen receptor has been shown
(49).

The mechanism by which raloxifene produces estrogen
antagonistic effects in reproductive tissues is that of a clas-
sical pharmacological antagonist. By virtue of its ability to
compete with estrogen for binding to the estrogen receptor,
raloxifene prevented transcriptional activation of estrogen-
response element (ERE)-containing genes, such as vitello-
genin, thus preventing stimulation by estrogen (50). In the
absence of estrogen, raloxifene produced no stimulatory ef-
fects on transcriptional activity of vitellogenin (50). These
observations are very similar to the complete antagonist
profile observed with raloxifene in uterine and mammary
tissue in vivo.

Emerging evidence from several groups indicate the
presence of multiple transcriptional pathways for ligand-
bound estrogen receptor and the existence of multiple es-
trogen receptor subtypes. The estrogen receptor contains
multiple transcriptional activating functions (i.e., AF-1 and
AF-2) that account for some of the tissue-selective effects of
tamoxifen (51). Furthermore, various ligand-induced recep-
tor conformations may be responsible for the range of phar-
macological effects observed for SERMs, including raloxi-
fene (52). As a consequence of the unique estrogen recep-
tor:raloxifene conformation, this complex binds to
sequences of the DNA distinct from the ERE in tissues
where raloxifene exerts estrogen-agonist effects. Recently, a
novel mechanism for the transcriptional activation of the
non-ERE containing gene, TGFB3, by raloxifene was de-
scribed. TGFB is an abundant bone matrix protein with
anti-osteoclastic properties whose expression in vitro was
induced by SERMs but not by 17B-estradiol (53). In an in
vitro cell-based transcriptional reporter assay, raloxifene in-
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Table I. Summary of Tissue-Associated Estrogen Activities of Various Estrogen Receptor Ligands Based on
Preclinical Studies

Compound class Profile Profile on Profile Profile in
examples in bone cholesterol metabolism in uterus mammary tissue

17B-estradiol
17a-dihydroequilenin agonist agonist agonist agonist
17a-ethynyl estradiol
tamoxifen agonist agonist partial agonist antagonist
raloxifene agonist agonist antagonist antagonist
ICI-164,384 antagonist antagonist antagonist antagonist
IC1-182,780

duced TGFB3 expression relative to 17@-estradiol by a
mechanism requiring the estrogen receptor, but not its
DNA-binding domain. Since the TGFB3 promoter lacks a
classical ERE, these data suggest the presence of a novel
pathway for estrogen receptor mediated activation of cellu-
lar function, which was termed the ‘‘raloxifene response
element’” or RRE (50). From these observations, one can
infer that the unique conformation induced by the raloxi-
fene:estrogen-receptor complex recruits other transcription
factor(s) for DNA (RRE-specific) binding. Of note was the
observation that in vivo, raloxifene and 17B-estradiol pro-
duced equivalent, dose-related increases in TGF3 mRNA
obtained from femurs of treated ovariectomized rats (53).
These observed discrepancies in vitro and in vivo suggest
that an estrogen metabolite may be responsible for tran-
scriptional activation of RRE-containing genes in vivo. In-
deed, several estrogen metabolites were shown to be potent
activators of the RRE pathway (50), suggesting that this
pathway may represent a natural pathway for mediating the
effects of estrogen in bone, distinct from the pathway that
mediates the stimulatory effects of estrogen on reproductive
tissues. Activation of TGF in vascular tissue may be im-
portant for cardiovascular effects of SERMs as well. In
cholesterol-fed mice, tamoxifen reduced aortic atheroscle-
rotic lesion size while elevating aortic levels of TGFB (36).

Summary

Various classes of chemical ligands for the estrogen
receptor are summarized in Table I. In order to understand
how SERMs are positioned among the other compounds
that bind to the estrogen receptor, it is essential to consider
the activity profile in various tissue types. 17p-Estradiol
and related steroidal estrogens (i.e., 17a-dihydroequilenin)
(54) behave only as estrogen agonists in bone, uterus, and
mammary tissue and on cholesterol metabolism. In no case
with these complete estrogens does one see antagonistic
effects. The complete estrogen antagonists (i.e., ICI-
164,384 or ICI-182,780), on the other hand, lack the ability
to mimic estrogen effects at these targets and produce only
estrogen antagonist effects in reproductive associated tis-
sues. Of note was the observation that ICI-182,780 also
behaves as an estrogen antagonist on bone (55), and cho-
lesterol metabolism (56). SERMs are those agents that de-

pending upon the tissue type, produce either estrogen ago-
nist or estrogen antagonist activities. Tamoxifen and raloxi-
fene produce estrogen-like effects on bone and cholesterol
metabolism and are estrogen antagonists in mammary tis-
sue. However, in the uterus, raloxifene and tamoxifen di-
verge in their pharmacological profiles, tamoxifen behaves
as a partial estrogen agonist whereas raloxifene acts as a
complete estrogen antagonist. SERMs, like raloxifene,
which have an improved safety profile in reproductive tis-
sue, represent a potentially important alternative to chronic
ERT or HRT in postmenopausal women for the prevention
and treatment of osteoporosis and cardiovascular disease.

1. Fries JF. Aging, natural death, and the compression of morbidity. New
Engl J Med 303:130-135, 1980.

2. Byyny RL, Speroff L. The rectangularization of life. In: A Clinical
Guide for the Care of Older Women: Primary and Preventive Care,
2nd edition. Baltimore: Williams and Wilkins, pp1-19, 1996.

3. Longcope C, Franz C, Morello C, Baker R, Johnston CC. Steroid and
gonadotropin levels in women during the peri-menopausal years. Ma-
turitas 8:189-196, 1986.

4. Sherman BM, West JH, Korenman SG. The menopausal transition:
Analysis of LH, FSH, estradiol and progesterone concentrations during
menstrual cycles of older women. J Clin Endocrinol Metab 42:629—
636, 1976.

5. Lerner DJ, Kannel WB. Patterns in coronary heart disease-morbidity
and mortality in the sexes: A 26-year follow-up of the Framingham
population. Am Heart J 111:383-390, 1986.

6. Riggs BL. Overview of osteoporosis. West J Med 154:63-77, 1991.

7. Lindsay R. The burden of osteoporosis: Cost. Am J Med 98 (Suppl
2A):98-118, 1995.

8. Ray NF, Chan JK, Thamer M, Melton LJ. Medical expenditures for the
treatment of osteoporotic fractures in the United States in 1995: Report
from the National Osteoporosis Foundation. J Bone Mineral Res
12:24-35, 1997.

9. Lindsay R, Aitken JM, Anderson JB. Long-term prevention of post-
menopausal osteoporosis by estrogen. Lancet 1:1038-1041, 1976.

10. Munk-Jensen N, Pors Nielsen S, Obel EB, Eriksen PB. Reversal of
postmenopausal vertebral loss by oestrogen and progestogen: A double
blind, placebo-controlled study. BMJ 296:1150-1152, 1988.

11. Barrett-Connor E, Bush TL. Estrogen and coronary heart disease in
women. JAMA 265:1861-1867, 1991.

12. Stampfer MJ, Colditz GA. Estrogen replacement therapy and coronary
disease: A quantitative assessment of the epidemiological evidence.
Prev Med 20:47-63, 1991.

13. Sherwin BB. Estrogen and/or androgen replacement therapy and cog-
nitive functioning in surgically menopausal women. Psychoneuroen-
docrinology 13:345-357, 1988.

50 SELECTIVE ESTROGEN RECEPTOR MODULATORS



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34,

. Upton GV. The perimenopause: Physiologic correlates and clinical

management. J Reprod Med 27:1-27, 1982.

. Colditz GA, Hankinson SE, Hunter DJ, Willett WC, Manson JE,

Stampfer MJ, Hennekens C, Rosner B, Speizer FE. The use of estro-
gens and progestins and the risk of breast cancer in postmenopausal
women. N Engl J Med 332:1589-1593, 1995.

Barrett-Connor E. Hormone replacement and cancer. Br Med Bull
48:345-355, 1992.

US Congress, Office of Technology Assessment. Effectiveness and
costs of osteoporosis screening and hormone replacement therapy,
Volume II: Evidence on benefits, risks, and costs. Washington, DC:
US Government Printing Office, August 1995.

Beresford SAA, Weiss NS, McKnight B. Risk of endometrial cancer in
relation to use of oestrogen combined with cyclic progestagen therapy
in postmenopausal women. Lancet 349:458-461, 1997.

Felson DT, Zhang Y, Hannan MT, Kiel DP, Wilson PWF, Andersen
JJ. The effect of postmenopausal estrogen therapy on bone density in
elderly women. N Engl Med J 329:1141-1146, 1993.

Sato M, Rippy MK, Bryant HU. Raloxifene, tamoxifen, nafoxidine,
and estrogen effects on reproductive and nonreproductive tissues in
ovariectomized rats. FASEB J 10:905-912, 1996.

Bryant HU, Glasebrook AL, Yang NN, Sato M. A pharmacological
review of raloxifene. Journal of Bone and Mineral Metabolism 14:1-9,
1996.

Sato M, Glasebrook AL, Bryant HU. Raloxifene: A selective estrogen
receptor modulator. Journal of Bone and Mineral Metabolism 12
(Suppl 2):59-S20, 1995.

Mitlak BH, Cohen FJ. In search of optimal long-term female hormone
replacement: The potential of selective estrogen receptor modulators.
Horm Res (in press), 1997.

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

Bryant HU, Dodge JA, Sato M, Glasebrook AL. Comparative phar-
macological profiles for a spectrum of estrogen receptor active agents
in ovariectomized rats. Osteoporos Int 6 (Suppl 1):233, 1996.

Evans G, Bryant HU, Magee D, Sato M, Tumer RT. The effects of
raloxifene on tibia histomorphometry in ovariectomized rats. Endocri-
nology 134:2283-2288, 1993.

Frolik CA, Bryant HU, Black EC, Magee DE, Chandrasekhar S. Time
dependent changes in biochemical bone markers and serum cholesterol
in ovariectomized rats: Effects of raloxifene HCI, tamoxifen, estrogen
and alendronate. Bone 18:621-627, 1996.

Turner CH, Sato M, Bryant HU. Raloxifene preserves bone strength
and bone mass in ovariectomized rats. Endocrinology 135:2001-2005,
1994.

Draper MW, Flowers DE, Huster WJ, Neild JA, Harper KD, Arnaud
C. A controlled trial of raloxifene (LY139481) HCI: Impact on bone
turnover and serum lipid profile in healthy postmenopausal women. J
Bone Mineral Res 11:835-842, 1996.

Powles TJ, Hickish T, Kanis JA, Tidy A, Ashley S. Effect of tamoxi-
fen on bone mineral density measured by dual-energy x-ray absorpti-
ometry in healthy premenopausal and postmenopausal women. J Clin
Oncol 14:78-84, 1996.

Lobo RA. Effects of hormonal replacement on lipids and lipoproteins
in postmenopausal women. J Clin Endocrinol Metab 73:925-930,
1991.

Brown MS, Goldstein JL. The estradiol-stimulated lipoprotein recep-
tor of rat liver. J Biol Chem 255:10464-10471, 1980.

Kauffman RF, Bensch WR, Roudebush RE, Cole HW, Bean JS, Phil-
lips DL, Monroe A, Cullinan GJ, Glasebrook AL, Bryant HU. Hypo-
cholesterolemic activity of raloxifene (LY139481): Pharmacological
characterization as a selective estrogen receptor modulator. J Pharma-
col Exp Ther 280:146-153, 1997.

Bjarnason NH, Haarbo J, Byrjalsen I, Kauffman RF, Chrisiansen K.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Raloxifene inhibits aortic accumulation of cholesterol in ovariecto-
mized cholesterol fed rabbits. Circulation (in press), 1997.

Zuckerman SH, Bryan-Poole N. Inhibition of LDL oxidation and my-
eloperoxidase-dependent tyrosy! radical formation by the selective es-
trogen receptor modulator LY 139481 HCI. Atherosclerosis 126:65—
75, 1996.

Grainger DJ, Witchell CM, Metcalfe JC. Tamoxifen elevates trans-
forming-growth factor-beta and suppresses diet-induced formation of
lipid lesions in mouse aorta. Nat Med 1:1067-1073, 1995.

Rutqvist LE, Mattson A. Cardiac and thromboembolic morbidity
among postmenopausal women with early stage breast cancer in a
randomized trial of adjuvant tamoxifen. J Natl Cancer Inst 85:1398-
1406, 1993.

Fisher B, Constantino JP, Redmond CK, Fisher ER, Wickerham DL,
Cronin WM. Endometrial cancer in tamoxifen-treated breast cancer
patients: Findings from the National Surgical Adjuvant Breast and
Bowel Project. J Natl Cancer Inst 86:527-537, 1994.

Bryant HU, Wilson PK, Adrian MD, Cole HW, Phillips DL, Dodge
JA, Grese TA, Sluka JP, Glasebrook AL. Selective estrogen receptor
modulators: Pharmacological profile in the rat uterus. J Soc Gynecol
Invest 3:152A, 1996.

Fuchs-Young R, Magee DE, Cole HW, Short L, Glasebrook AL,
Rippy MK, Termine JD, Bryant HU. Raloxifene is a tissue specific
anti-estrogen that blocks tamoxifen or estrogen-stimulated uterotro-
phic effects. Endocrinology 136 (Suppl):57, 1995.

Grese TA, Sluka JP, Bryant HU, Cole HW, Kim JR, Magee DE,
Rowley ER, Sato M. Benzopyran selective estrogen receptor modula-
tors (SERMS): Pharmacological effects and structural correlation with
raloxifene. Bioorg Med Chem 6:903-908, 1996.

Short LL, Glasebrook AL, Adrian MD, Cole H, Shetler P, Rowley ER,
Magee DE, Pell T, Zeng G, Sato M, Bryant HU. Distinct effects of
selective estrogen receptor modulators on estrogen dependent and es-
trogen independent human breast cancer cell proliferation. J Bone
Mineral Res 11 (Suppl 1):5482, 1996.

Clemens JA, Bennett DR, Black LJ, Jones CD. Effects of a new
antiestrogen, keoxifene (LY 156758), on growth of carcinogen-induced
mammary tumors and on LH and prolactn levels. Life Sci 32:2869~
2875, 1983.

Fuchs-Young R, Iversen P, Shetler P, Layman N, Hale L, Short L,
Magee D, Sluka J, Glasebrook A, Bryant HU, Palkowitz A. Preclinical
demonstration of specific and potent inhibition of mammary tumor
growth by new selective estrogen receptor modulators. Proceedings of
the American Association of Cancer Research 38:573 (1997).
Wakeling AE, Dukes M, Bowler J. A potent specific pure antiestrogen
with clinical potential. Cancer Res 51:3867-3873, 1991.

Anzano MA, Peer CW, Smith JM, Mullen LT, Shrader MW, Logsdon
DL, Driver CL, Bown CC, Roberts AB, Sporn MB. Chemoprevention
of mammary carcinogenesis in the rat: Combined use of raloxifene and
9-cis-retinoic acid. J Natl Cancer Inst 88:23-25, 1996.

Early breast cancer trialists’ collaborative group. Systemic treatment
of early breast cancer by hormonal, cytotoxic, or immune therapy.
Lancet 339:71-85, 1992.

Kumar V, Green S, Jin JR, Chambon R. Functional domains of the
human estrogen receptor. Cell 51:941-951, 1987.

Glasebrook AL, Phillips DL, Sluka JP. Multiple binding sites for the
anti-estrogen raloxifene. J Bone Mineral Res 8 (Suppl 1):5268, 1993.
Yang NN, Venugopalan M, Glasebrook AL. Identification of an es-
trogen response element activated by metabolites of 17B-estradiol and
raloxifene. Science 273:1222-1225, 1996.

Webb P, Lopez GN, Uht RM, Kushner PJ. Tamoxifen activation of the
estrogen receptor/AP-1 pathway: Potential origin for the cell specific
estrogen-like effects of antiestrogens. Mol Endocrinol 9:443-456,
1995.

McDonnell DP, Clemm DL, Hermann T, Goldman ME, Pike JW.

SELECTIVE ESTROGEN RECEPTOR MODULATORS 51



53.

54.

52

Analysis of estrogen receptor function in vitro reveals three distinct
classes of antiestrogens. Mol Endocrinol 9:659-669, 1995.

Yang NN, Hardikar S, Sato M, Galvin RJS, Glasebrook AL, Bryant
HU, Termine JD. Estrogen and raloxifene stimulate transforming
Growth Factor-B3 expression in rat bone: A potential mechanism for
estrogen- or raloxifene-mediated bone maintenance. Endocrinology
137:2075-2084, 1996.

Adrian MD, Cole HW, Shetler PK, Rowley ER, Magee DE, Pell T,
Zeng G, Sato M, Bryant HU. Comparative pharmacology of a series of

SELECTIVE ESTROGEN RECEPTOR MODULATORS

55.

56.

selective estrogen receptor modulators. J Bone Mineral Res 11 (Suppl
1):5447, 1996.

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

Lundeen SG, Carver JM, McKean ML, Winneker RC. Characteriza-
tion of the ovariectomized rat model for the evaluation of estrogen
effects on plasma cholesterol levels. Endocrinology 138:1552-1558,
1997.





